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FIFTH GENERATION (5G) TIME DIVISION
DUPLEX (TDD) LEGACY COEXISTENCE
DESIGN

PRIORITY CLAIM

This application claims priority to and the benefit of
Provisional Patent Application No. 62/320,586 filed in the

U.S. Patent and Trademark Oflice on Apr. 10, 2016, the
entire content of which 1s mcorporated herein by reference
as 11 fully set forth below 1n 1ts entirety and for all applicable
purposes.

TECHNICAL FIELD

The technology discussed below relates generally to wire-
less communication networks, and more particularly, to
coexistence between legacy and fifth generation (5G) wire-
less communication networks. Embodiments can enable
techniques for utilizing time division duplex (TDD) carriers
in legacy and 5G wireless communication networks.

INTRODUCTION

Next generation (e.g., fifth generation or 3G) wireless
communication networks may utilize time division duplex
(TDD) carriers for both uplink and downlink communica-
tion. To meet the demands for low latency (e.g., 1 ms or less)
in 5G TDD wireless communication networks, spontaneous
switching of link directions and self-contained subirame
configurations may be supported. Self-contained subirames
may include both uplink information (e.g., uplink control
and/or data) and downlink information (e.g., downlink con-
trol and/or data) to reduce the retransmission timeline,
thereby reducing the latency.

Current legacy (e.g., third generation (3G) or fourth
generation (4G)) wireless communication networks imple-
menting TDD typically utilize large downlink and uplink
transmission durations to mimmize link direction switching.
In addition, legacy wireless networks may not support
self-contained subirame configurations. Therefore, neigh-
boring legacy and next generation wireless communication
networks with co-channel or tightly adjacent channel trans-
missions may experience interference. For example, down-
link transmissions 1n one wireless network may interfere
with uplink transmissions in the other wireless network.
Similarly, uplink transmissions 1n one wireless network may
interfere with downlink transmissions 1n the other wireless
network.

BRIEF SUMMARY OF SOME EXAMPLES

The following presents a simplified summary of one or
more aspects of the present disclosure, 1n order to provide a
basic understanding of such aspects. This summary 1s not an
extensive overview ol all contemplated features of the
disclosure, and 1s intended neither to 1dentify key or critical
clements of all aspects of the disclosure nor to delineate the
scope of any or all aspects of the disclosure. Its sole purpose
1s to present some concepts ol one or more aspects of the
disclosure 1n a simplified form as a prelude to the more
detailed description that 1s presented later.

Various aspects of the disclosure relate to mechamisms for
mimmizing interference between adjacent legacy and next
generation (5G) wireless networks utilizing a configurable
subiframe structure within next generation (5G) wireless
networks. The configurable subirame structure may be con-
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figured to produce next generation subirames, each includ-
ing at least one of a downlink portion or an uplink portion,
to substantially align downlink portions with corresponding
legacy downlink subirames and/or uplink portions with
corresponding legacy uplink subirames.

In one aspect, a method of communication between a
scheduling entity and a set of one or more subordinate
entities 1n a wireless communication network 1s disclosed.
The method includes 1dentifying a first subirame configu-
ration of at least one first subframe to be transmitted 1n a first
cell utilizing a first radio access technology (RAT), where
the at least one first subirame configuration includes at least
one of a first downlink portion or a first uplink portion, and
providing a configurable subiframe structure for a time
division duplex (1TDD) carrier utilized in a second cell
adjacent the first cell, where the second cell utilizes a second
radio access technology (RAT) and the configurable sub-
frame structure includes at least one of a second downlink
portion or a second uplink portion. The method further
includes configuring the configurable subiframe structure to
produce a second subirame for transmission in the second
cell substantially simultaneous to transmission of the at least
one first subirame in the first cell, where the second sub-
frame includes at least one of the second downlink portion
or the second uplink portion, and communicating between
the scheduling entity and the set of one or more subordinate
entities using the second subirame. At least one of the
second downlink portion of the second subirame 1s trans-
mitted within a downlink transmit time of the first downlink
portion of the at least one first subirame or the second uplink
portion ol the second subirame 1s transmitted within an
uplink transmit time of the first uplink portion of the at least
one first subframe.

Another aspect of the disclosure provides a scheduling
entity 1n a wireless communication network. The scheduling
entity 1ncludes a transceiver for wirelessly communicating
with a set of one or more subordinate entities utilizing a time
division duplex (TDD) carrier, a memory, and a processor
communicatively coupled to the transceiver and the
memory. The processor 1s configured to identily a first
subiframe configuration of at least one first subiframe to be
transmitted 1n a first cell utilizing a first radio access
technology (RAT), where the at least one first subiframe
configuration includes at least one of a first downlink portion
or a {irst uplink portion, and provide a configurable subirame
structure for a time division duplex (TDD) carrier utilized 1n
a second cell adjacent the first cell, where the second cell
utilizes a second radio access technology (RAT) and the
configurable subirame structure includes at least one of a
second downlink portion or a second uplink portion. The
processor 1s further configured to configure the configurable
subirame structure to produce a second subirame for trans-
mission 1n the second cell substantially simultaneous to
transmission of the at least one first subirame 1n the first cell,
where the second subirame includes at least one of the
second downlink portion or the second uplink portion, and
communicate between the scheduling entity and the set of
one or more subordinate entities using the second subirame.
At least one of the second downlink portion of the second
subirame 1s transmitted within a downlink transmit time of
the first downlink portion of the at least one first subirame
or the second uplink portion of the second subirame is
transmitted within an uplink transmait time of the first uplink
portion of the at least one first subirame.

Another aspect of the disclosure provides a scheduling
entity apparatus 1n a wireless communication network. The
scheduling entity apparatus includes means for identifying a
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first subirame configuration of at least one first subirame to
be transmitted 1n a first cell utilizing a first radio access
technology (RAT), where the at least one first subirame
configuration includes at least one of a first downlink portion
or a first uplink portion, and means for providing a configu-
rable subirame structure for a time division duplex (TDD)
carrier utilized 1n a second cell adjacent the first cell, where
the second cell utilizes a second radio access technology
(RAT) and the configurable subiframe structure includes at
least one of a second downlink portion or a second uplink
portion. The scheduling entity apparatus further includes
means for configuring the configurable subirame structure to
produce a second subirame for transmission in the second
cell substantially stmultaneous to transmission of the at least
one first subirame 1n the first cell, where the second sub-
frame includes at least one of the second downlink portion
or the second uplink portion, and means for communicating
between the scheduling entity and the set of one or more
subordinate entities using the second subirame. At least one
of the second downlink portion of the second subframe is
transmitted within a downlink transmit time of the first
downlink portion of the at least one first subirame or the
second uplink portion of the second subirame 1s transmitted
within an uplink transmit time of the first uplink portion of
the at least one {first subirame.

Examples of additional aspects of the disclosure follow. In
some aspects of the disclosure, the method further includes
determining a first duration of the at least one first subirame,
and configuring the configurable subirame structure to pro-
duce the second subirame having a second duration sub-
stantially equal to the first duration.

In some aspects of the disclosure, the at least one first
subirame includes the first downlink portion. The configu-
rable subframe may then be configured to produce the
second subirame including the second downlink portion to
be transmitted within the downlink transmit time of the first
downlink portion of the at least one first subiframe. The
second downlink portion may include at least one of a
downlink control portion for transmitting downlink control
information from the scheduling entity to the set of one or
more subordinate entities and a downlink data portion for
transmitting downlink data from the scheduling entity to the
set of one of or more subordinate entities.

In some aspects of the disclosure, the method further
includes configuring the configurable subiframe structure to
produce the second subirame structure including a guard
period following the downlink data portion and the second
uplink portion following the guard period. The second
uplink portion 1s further transmitted within the downlink
transmit time of the first downlink portion of the at least one
first subframe and the second uplink portion includes an
uplink control portion for transmitting uplink control 1nfor-
mation from the set of one or more subordinate entities to the
scheduling entity.

In some aspects of the disclosure, the method further
includes receiving the uplink control information within a
narrow frequency band of an in-band frequency range over
which the second subirame 1s transmitted, where the narrow
frequency band occupies only a portion of the in-band
frequency range. In some aspects of the disclosure, the
method further includes receiving the uplink control nfor-
mation over a first component carrier separated by a guard
band from a second component carrier over which the at
least one first subirame 1s transmitted. In some aspects of the
disclosure, the uplink control information 1s received at a
first transmit power when the second uplink portion 1is
received within the uplink transmit time of the first uplink
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portion of the at least one first subirame and at a second
transmit power less than the first transmit power when the
uplink control portion 1s transmitted within the downlink
transmit time of the first downlink portion of the first
subirame.

In some aspects of the disclosure, the method further
includes including uplink acknowledgement information
within the uplink control portion of the second subirame,
where the uplink acknowledgement information provides an
acknowledgement or negative acknowledgement of the
downlink data transmitted 1n the second subirame.

In some aspects of the disclosure, the method further
includes configuring the configurable subirame structure to
produce the second subirame having a guard period follow-
ing the downlink control portion and the second uplink
portion following the guard period, where the second uplink
portion 1s transmitted within the downlink transmit time of
the first downlink portion of the at least one first subirame.
The second uplink portion may include an uplink data
portion for transmitting uplink data from the set of one or
more subordinate entities to the scheduling entity and an
uplink control portion for transmitting uplink control infor-
mation from the set of one or more subordinate entities to the
scheduling entity. In some aspects of the disclosure, the
uplink data and the uplink control information are recerved
at a first transmit power when the second uplink portion 1s
received within the uplink transmit time of the first uplink
portion of the at least one first subframe, and are received at
a second transmit power less than the first power when the
uplink data and the uplink control information are transmit-
ted within the downlink transmit time of the first downlink
portion of the at least one first subirame.

In some aspects of the disclosure, the second subirame
includes the downlink control portion and the downlink data
portion, and the method further includes muting the second
uplink portion 1n the second subirame.

In some aspects of the disclosure, the at least one first
subirame 1ncludes the first uplink portion. The configurable
subiframe may then be configured to produce the second
subiframe including the second uplink portion to be trans-
mitted within the uplink transmit time of the first uplink
portion of the at least one first subiframe. The second uplink
portion may include at least one of an uplink control portion
for transmitting uplink control information from the set of
one or more subordinate entities to the scheduling entity and
an uplink data portion for transmitting uplink data from the
set of one or more subordinate entities to the scheduling
entity.

In some aspects of the disclosure, the method further
includes configuring the configurable subiframe structure to
produce the second subirame including a guard period
immediately prior to the uplink data portion and the second
downlink data portion immediately prior to the guard period.
The second downlink data portion i1s further transmitted
within the uplink transmit time of the first uplink portion of
the at least one first subirame and the second downlink
portion includes a downlink control portion for transmitting
downlink control information from the scheduling entity to
the set of one or more subordinate entities.

In some aspects of the disclosure, the method further
includes transmitting the downlink control nformation
within a narrow frequency band of an in-band frequency
range over which the second subirame 1s transmitted, where
the narrow frequency band occupies only a portion of the
in-band frequency range. In some aspects of the disclosure,
the method further includes transmitting the downlink con-
trol information over a first component carrier separated by
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a guard band from a second component carrier over which
the at least one first subframe 1s transmitted. In some aspects
of the disclosure, the downlink control information 1s trans-
mitted at a first transmit power when the second downlink
portion 1s transmitted within the downlink transmit time of 5
the first downlink portion of the at least one {first subirame
and at a second transmit power less than the first transmuit
power when the downlink control information 1s transmitted
within the uplink transmit time of the first uplink portion of
the at least one {first subirame. 10

In some aspects of the disclosure, the method further
includes configuring the configurable subirame structure to
produce the second subirame including a guard period
immediately prior to the uplink control portion and the
second downlink portion immediately prior to the guard 15
period. The second downlink portion is transmitted within
the uplink transmit time of the first uplink portion of the at
least one first subirame and includes a downlink data portion
for transmitting downlink data from the set of one or more
subordinate entities to the scheduling entity and a downlink 20
control portion for transmitting downlink control informa-
tion from the set of one or more subordinate entities to the
scheduling entity. In some aspects of the disclosure, the
downlink data and the downlink control information are
transmitted at a first transmit power when the second down- 25
link portion 1s transmitted within the downlink transmit time
of the first downlink portion of the at least one first sub-
frame, and at a second transmit power less than the first
power when the downlink data and the downlink control
information are transmitted within the uplink transmit time 30
of the first uplink portion of the at least one first subiframe.

In some aspects of the disclosure, the second subirame
includes the uplink control portion and the uplink data
portion, and the method further includes muting the second
downlink portion 1n the second subirame. 35

In some aspects of the disclosure, the method further
includes determining a transmission direction sequence of a
plurality of consecutive first subirames to be transmitted in
the first cell. In some aspects of the disclosure, the method
further includes configuring the configurable subirame 40
structure to produce a plurality of consecutive second sub-
frames matching the transmission direction sequence of the
plurality of consecutive first subiframes. In some aspects of
the disclosure, the method further includes producing the
second subirame comprised of a plurality of transmission 45
time interval structures matching the transmission direction
sequence ol the plurality of consecutive first subirames,
where each of the plurality of transmission time interval
structures 1ncludes at least one of the second downlink
portion or the second uplink portion. In some aspects of the 50
disclosure, the method further includes communicating a
second subirame configuration of the second subirame to the
set of one or more subordinate entities.

These and other aspects of the invention will become
more tully understood upon a review of the detailed descrip- 55
tion, which follows. Other aspects, features, and embodi-
ments of the present invention will become apparent to those
of ordinary skill in the art, upon reviewing the following
description of specific, exemplary embodiments of the pres-
ent mvention 1n conjunction with the accompanying figures. 60
While features of the present invention may be discussed
relative to certain embodiments and figures below, all
embodiments of the present invention can include one or
more of the advantageous features discussed herein. In other
words, while one or more embodiments may be discussed as 65
having certain advantageous features, one or more of such
features may also be used in accordance with the various
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embodiments of the mvention discussed herein. In similar
fashion, while exemplary embodiments may be discussed
below as device, system, or method embodiments 1t should
be understood that such exemplary embodiments can be
implemented 1n various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a conceptual diagram 1llustrating an example of
a wireless access network.

FIG. 2 1s a block diagram conceptually 1illustrating an
example of a scheduling entity communicating with one or
more subordinate entities according to some embodiments.

FIG. 3 1s a diagram 1illustrating exemplary structures of
self-contained downlink-centric (DL-centric) and uplink-
centric (UL-centric) subirames that may be used in some
wireless communication networks.

FIG. 4 1s a diagram 1illustrating other exemplary structures
of DL-centric and UL-centric subirames that may be used 1n
some wireless communication networks.

FIG. 5 1s a diagram 1illustrating an exemplary sequence of
DL-centric and UL-centric subirames that may be transmiut-
ted 1n some wireless communication networks.

FIG. 6 1s a table illustrating exemplary transmission
direction sequence configurations for legacy wireless com-
munication networks.

FIG. 7 1s a diagram 1illustrating the coexistence of legacy
and next generation wireless communication networks uti-
lizing time division duplex (TDD) carniers according to
some embodiments.

FIG. 8 1s a block diagram illustrating an example of a
hardware implementation for a scheduling entity employing
a processing system according to some embodiments.

FIG. 9 1s a block diagram illustrating an example of a
hardware implementation for a scheduled entity employing
a processing system according to some embodiments.

FIG. 10 1s a diagram illustrating exemplary downlink
transmission time interval (T'T1) structures for use 1n con-
figuring the structure of one or more next generation sub-
frames according to some embodiments.

FIG. 11 1s a diagram 1llustrating exemplary uplink trans-
mission time interval (TTI) structures for use 1n configuring
the structure of one or more next generation subframes
according to some embodiments.

FIG. 12 1s a diagram 1illustrating exemplary next genera-
tion subirames configured using the DL/UL TTT structures
according to some embodiments.

FIG. 13 1s a diagram illustrating other exemplary next
generation subframes configured using the DL/UL TTI
structures according to some embodiments.

FIG. 14 1s a diagram illustrating an exemplary alignment
of uplink and downlink transmissions between legacy and
next generation wireless communication networks accord-
ing to some embodiments.

FIG. 15 1s a diagram 1llustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks.

FIG. 16 1s a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks.

FIG. 17 1s a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks.

FIG. 18 1s a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks.
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FIG. 19 1s a diagram 1llustrating another exemplary align-
ment of uplink and downlink transmissions between legacy

and next generation wireless communication networks.

FIG. 20 1s a flow chart of a method of wireless commu-
nication that enables alignment of uplink and downlink
transmissions between legacy and next generation wireless
communication networks.

FIG. 21 1s a flow chart of another method of wireless
communication that enables alignment of uplink and down-
link transmissions between legacy and next generation wire-
less communication networks.

FIG. 22 1s a flow chart of another method of wireless
communication that enables alignment of uplink and down-
link transmissions between legacy and next generation wire-
less communication networks.

FIG. 23 1s a flow chart of another method of wireless
communication that enables alignment of uplink and down-
link transmissions between legacy and next generation wire-
less communication networks.

DETAILED DESCRIPTION

The detailed description set forth below 1n connection
with the appended drawings 1s imntended as a description of
various configurations and 1s not intended to represent the
only configurations 1n which the concepts described herein
may be practiced. The detailed description includes specific
details for the purpose of providing a thorough understand-
ing of various concepts. However, 1t will be apparent to
those skilled in the art that these concepts may be practiced
without these specific details. In some mstances, well known
structures and components are shown 1n block diagram form
in order to avoid obscuring such concepts.

The various concepts presented throughout this disclosure
may be implemented across a broad variety of telecommu-
nication systems, network architectures, and communication
standards. Referring now to FIG. 1, as an illustrative
example without limitation, a simplified schematic 1llustra-
tion of a wireless access network 100 1s provided. The
wireless access network 100 may be a legacy access network
utilizing a legacy radio access technology (RAT) or a next
generation access network utilizing a next generation RAT.
The wireless access network 100 may further be coupled to
a core network (not shown), which may also be a legacy core
network or next generation core network.

As used herein, the term legacy access network or legacy
RAT refers to a network or RAT employing a third genera-
tion (3G) wireless communication technology based on a set
of standards that complies with the International Mobile
Telecommunications-2000 (IM'T-2000) specifications or a
fourth generation (4G) wireless communication technology
based on a set of standards that comply with the Interna-
tional Mobile Telecommunications Advanced (ITU-Ad-
vanced) specification. For example, some the standards
promulgated by the 3™ Generation Partnership Project
(3GPP) and the 3"? Generation Partnership Project 2
(3GPP2) may comply with IMT-2000 and/or ITU-Ad-
vanced. Examples of such legacy standards defined by the
3"? Generation Partnership Project (3GPP) include, but are
not limited to, Long-Term Evolution (LTE), LTE-Advanced,
Evolved Packet System (EPS), and Universal Mobile Tele-
communication System (UMTS). Additional examples of
various radio access technologies based on one or more of
the above-listed 3GPP standards include, but are not limited
to, Universal Terrestrial Radio Access (UTRA), Evolved
Universal Terrestrial Radio Access (eUTRA), General
Packet Radio Service (GPRS) and Enhanced Data Rates for
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GSM Evolution (EDGE). Examples of such legacy stan-
dards defined by the 3’ Generation Partnership Project 2
(3GPP2) include, but are not limited to, CDMA2000 and
Ultra Mobile Broadband (UMB). Other examples of stan-
dards employing 3G/4G wireless communication technol-
ogy include the IEEE 802.16 (W1iMAX) standard and other

suitable standards.

As further used herein, the term next generation access
network or next generation RAT generally refers to a net-
work or RAT employing continued evolved wireless com-
munication technologies. This may include, for example, a
fifth generation (5G) wireless communication technology
based on a set of standards. The standards may comply with
the guidelines set forth in the 5G White Paper published by
the Next Generation Mobile Networks (NGMN) Alliance on
Feb. 17, 2015. For example, standards that may be defined
by the 3GPP following L'TE-Advanced or by the 3GPP2
following CDMA2000 may comply with the NGMN Alli-

ance 5SG White Paper. Standards may also include pre-3GPP
cllorts specified by Verizon Technical Forum (www.vstgl)
and Korea Telecom SIG (www.kt5g.org).

The geographic region covered by the wireless access
network 100 may be divided into a number of cellular
regions (cells), including macrocells 102, 104, and 106, and
a small cell 108, each of which may include one or more
sectors. Cells may be defined geographically (e.g., by cov-
crage area) and/or may be defined 1n accordance with a
frequency, scrambling code, etc. In a cell that 1s divided nto
sectors, the multiple sectors within a cell can be formed by
groups ol antennas with each antenna responsible for com-
munication with mobile devices 1n a portion of the cell.

In general, a radio transceiver apparatus serves each cell.
A radio transceiver apparatus 1s commonly referred to as a
base station (BS) 1n many wireless communication systems,
but may also be referred to by those skilled 1n the art as a
base transceiver station (B1S), a radio base station, a radio
transceiver, a transcetver function, a basic service set (BSS),
an extended service set (ESS), an access point (AP), a Node
B, an eNode B (eNB), or some other suitable terminology.

In FIG. 1, two high-power base stations 110 and 112 are
shown 1n cells 102 and 104; and a third high-power base
station 114 1s shown controlling a remote radio head (RRH)
116 1n cell 106. In this example, the cells 102, 104, and 106
may be referred to as macrocells, as the high-power base
stations 110, 112, and 114 support cells having a large size.
Further, a low-power base station 118 i1s shown 1n the small
cell 108 (e.g., a microcell, picocell, femtocell, home base
station, home Node B, home eNode B, etc.) which may
overlap with one or more macrocells. In this example, the
cell 108 may be referred to as a small cell, as the low-power
base station 118 supports a cell having a relatively small
s1ze. Cell sizing can be done according to system design as
well as component constraints. It 1s to be understood that the
access network 100 may include any number of wireless
base stations and cells. The base stations 110, 112, 114, 118
provide wireless access points to a core network for any
number of mobile apparatuses.

FIG. 1 further includes a quadcopter or drone 120, which
may be configured to function as a base station. That 1s, 1n
some examples, a cell may not necessarily be stationary, and
the geographic area of the cell may move according to the
location of a mobile base station such as the quadcopter 120.

In some examples, the base stations may be intercon-
nected to one another and/or to one or more other base
stations or network nodes (not shown) 1n the access network
100 through various types of backhaul interfaces such as a
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direct physical connection, a virtual network, or the like
using any suitable transport network.

The access network 100 1s 1llustrated supporting wireless
communication for multiple mobile apparatuses. A mobile
apparatus 1s commonly referred to as user equipment (UE) 5
in standards and specifications promulgated by the 3rd
Generation Partnership Project (3GPP), but may also be
referred to by those skilled in the art as a mobile station
(MS), a subscriber station, a mobile unit, a subscriber unit,

a wireless unit, a remote unit, a mobile device, a wireless 10
device, a wireless communications device, a remote device,
a mobile subscriber station, an access terminal (Al), a
mobile terminal, a wireless terminal, a remote terminal, a
handset, a terminal, a user agent, a mobile client, a client, or
some other suitable terminology. 15

Within the present document, a “mobile” apparatus or UE
need not necessarily have a capability to move, and may be
stationary. Some non-limiting examples of a mobile appa-
ratus include a mobile, a cellular (cell) phone, a smart phone,

a session 1nitiation protocol (SIP) phone, a laptop, a personal 20
computer (PC), a notebook, a netbook, a smartbook, a tablet,
and a personal digital assistant (PDA). A mobile apparatus
or UE may additionally be an “Internet of things™ (IoT)
device such as an automotive or other transportation vehicle,
a satellite radio, a global positioning system (GPS) device, 25
a logistics controller, a drone, a multi-copter, a quad-copter,
a consumer and/or wearable device, such as eyewear, a
wearable camera, a smart watch, a health or fitness tracker,
a digital audio player (e.g., MP3 player), a camera, a game
console, etc. An IoT device may additionally be a digital 30
home or smart home device such as a home audio, video,
and/or multimedia device, an appliance, a sensor, a vending
machine, mtelligent lighting, a home security system, a
smart meter, etc. A mobile apparatus or UE may additionally
be a smart energy or security device, a solar panel or solar 35
array, municipal lighting, water, or other inirastructure;
industrial automation and enterprise device, etc. Still further,
a mobile apparatus or UE may provide for telemedicine
support, or health care at a distance. Telehealth devices may
include telehealth monitoring devices and telehealth admin- 40
1stration devices, whose communication may be given prei-
erential treatment or prioritized access over other types of
information, e.g., in terms of prioritized access for transport
of critical service data, and/or relevant QoS for transport of
critical service data. 45

Within the access network 100, the cells may include UEs
that may be in communication with one or more sectors of
cach cell. For example, UEs 122 and 124 may be 1n
communication with base station 110; UEs 126 and 128 may
be 1n communication with base station 112; UEs 130 and 50
132 may be in communication with base station 114 by way
of RRH 116; UE 134 may be 1 communication with
low-power base station 118; and UE 136 may be 1n com-
munication with mobile base station 120. Here, each base
station 110, 112, 114, 118, and 120 may be configured to 55
provide an access point to a core network (not shown) for all
the UEs 1n the respective cells.

In another example, a mobile network node (e.g., quad-
copter 120) may be configured to function as a UE. For
example, the quadcopter 120 may operate within cell 102 by 60
communicating with base station 110. In some aspects of the
disclosure, two or more UE (e.g., UEs 126 and 128) may
communicate with each other using peer to peer (P2P) or
sidelink signals 127 without relaying that communication
through a base station (e.g., base station 112). 65

Unicast or broadcast transmissions of control information
and/or data from a base station (e.g., base station 110) to one

10

or more UEs (e.g., UEs 122 and 124) may be referred to as
downlink (DL) transmission, while transmissions of control
information and/or data originating at a UE (e.g., UE 122)
may be referred to as uplink (UL ) transmaissions. In addition,
the uplink and/or downlink control information and/or data
may be transmitted 1n transmission time intervals (TT1s). As
used herein, the term TTI refers to the period of time in
which a block of data, corresponding to a collection of
symbols to be processed at the Media Access Control
(MAC) layer and above, 1s transferred by the physical layer
onto the radio interface. In some examples, a T1I may be
equal to the duration of a subirame. In other examples, a
subirame may include multiple TTIs. Thus, the duration of
a TTI may be scalable, and the number symbols within a
particular TTI may be determined from the TTI duration. In
some examples, multiple subiframes may be grouped
together to form a single frame. Any suitable number of
subirames may occupy a frame. In addition, a subiframe may
have any suitable duration (e.g., 250 us, 500 us, 1 ms, etc.).

The air interface 1n the access network 100 may utilize
one or more multiplexing and multiple access algorithms to
enable simultaneous communication of the various devices.
For example, multiple access for uplink (UL) or reverse link
transmissions from UEs 122 and 124 to base station 110 may
be provided utilizing time division multiple access (TDMA),
code division multiple access (CDMA), frequency division
multiple access (FDMA), orthogonal frequency division
multiple access (OFDMA), sparse code multiple access
(SCMA), or other suitable multiple access schemes. Further,
multiplexing downlink (DL) or forward link transmissions
from the base station 110 to UEs 122 and 124 may be
provided utilizing time division multiplexing (TDM), code
division multiplexing (CDM), frequency division multiplex-
ing (FDM), orthogonal frequency division multiplexing
(OFDM), sparse code multiplexing (SCM), or other suitable
multiplexing schemes.

In some examples, an access network 100 may utilize
DL-based mobility or UL-based mobility to enable mobaility
and handovers from one cell to another. In a network
configured for DL-based mobility, during a call with a
scheduling entity, or at any other time, a UE may monitor
various parameters of the signal from 1ts serving cell as well
as various parameters of neighboring cells. Further, depend-
ing on the quality of these parameters, the UE may maintain
communication with one or more of the neighboring cells.
During this time, 11 the UE moves from one cell to another,
or if signal quality from a neighboring cell exceeds that from
the serving cell for a given amount of time, the UE may
undertake a handofl or handover from the serving cell to the
neighboring (target) cell. For example, UE 124 may move
from the geographic area corresponding to its serving cell
102 to the geographic area corresponding to a neighbor cell
106. When the signal strength or quality from the neighbor
cell 106 exceeds that of its serving cell 102 for a given
amount of time, the UE 124 may transmit a reporting
message to its serving base station 110 indicating this
condition. In response, the UE 124 may receive a handover
command, and the UE may undergo a handover to the cell
106.

In a network configured for UL-based mobility, UL
reference signals may be utilized by the network to select a
serving cell for a UE. In some examples, the base stations
110, 112, and 114/116 may broadcast unified synchroniza-
tion signals (e.g., unified Primary Synchronization Signals
(PSSs), unified Secondary Synchronization Signals (S5Ss)
and unified Physical Broadcast Channels (PBCH)). The UEs
122, 124, 126, 128, 130, and 132 may receive the unified
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synchronization signals, derive the carrier frequency and
subframe timing from the synchronization signals, and 1in
response to deriving timing, transmit an uplink pilot or
reference signal. The uplink pilot signal transmitted by a UE
(e.g., UE 124) may be concurrently received by two or more
cells (e.g., base stations 110 and 114/116) within the access
network 100. Each of the cells may measure a strength of the
pilot signal, and the access network (e.g., one or more of the
base stations 110 and 114/116 and/or a central node within
the core network) may determine a serving cell for the UE
124. As the UE 124 moves through the access network 100,
the network may continue to monitor the uplink pilot 81gnal
transmitted by the UE 124. When the signal strength or
quality of the pilot signal measured by a neighboring cell
exceeds that of the signal strength or quality measured by the
serving cell, the network 100 may handover the UE 124
from the serving cell to the neighboring cell, with or without
informing the UE 124,

Although the synchronization signal transmitted by the
base stations 110, 112, and 114/116 may be unified, the
synchronization signal may not identily a particular cell, but
rather may 1dentily a zone of multiple cells operating on the
same Ifrequency and/or with the same timing. The use of
zones 1 5G networks or other next generation communica-
tion networks enables the uplink-based mobility framework
and improves the efliciency of both the UE and the network,
since the number of mobility messages that need to be
exchanged between the UE and the network may be reduced.

In some examples, access to the air interface may be
scheduled, where a scheduling entity (e.g., a base station)
allocates resources for communication among some or all
devices and equipment within 1ts service area or cell. Within
the present disclosure, as discussed turther below, the sched-
uling entity may be responsible for scheduling, assigning,
reconfiguring, and releasing resources for one or more
subordinate entities. That 1s, for scheduled communication,
UEs or subordinate entities utilize resources allocated by the
scheduling entity.

Base stations are not the only entities that may function as
a scheduling entity. That 1s, in some examples, a UE may
function as a scheduling entity, scheduling resources for one
or more scheduled entities (e.g., one or more other UEs). In
other examples, sidelink signals may be used between UEs
without necessarily relying on scheduling or control infor-
mation from a base station. For example, UE 138 1s 1illus-
trated communicating with UEs 140 and 142. In some
examples, the UE 138 1s functioming as a scheduling entity
or a primary sidelink device, and UEs 140 and 142 may
function as a scheduled entity or a non-primary (e.g., sec-
ondary) sidelink device. In still another example, a UE may
function as a scheduling entity in a device-to-device (D2D),
peer-to-peer (P2P), or vehicle-to-vehicle (V2V) network,
and/or 1n a mesh network. In a mesh network example, UEs
140 and 142 may optionally communicate directly with one
another 1n addition to communicating with the scheduling
entity 138.

Thus, 1n a wireless communication network with a sched-
uled access to time-frequency resources and having a cel-
lular configuration, a P2P configuration, and a mesh con-
figuration, a scheduling entity and one or more subordinate
entities may communicate utilizing the scheduled resources.
Referring now to FIG. 2, a block diagram illustrates a
scheduling entity 202 and a plurality of subordinate entities
204. Here, the scheduling entity 202 may correspond to the
base stations 110, 112, 114, and 118. In additional examples,
the scheduling entity 202 may correspond to the UE 138, the
quadcopter 120, or any other suitable node in the access
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network 100. Similarly, 1n various examples, the scheduled
entity 204 may correspond to the UE 122, 124, 126, 128,

130, 132, 134, 136, 138, 140, and 142, or any other suitable
node 1n the access network 100.

As 1illustrated 1 FIG. 2, the scheduling entity 202 may
broadcast data 206 to one or more subordinate entities 204
(the data may be referred to as downlink data). In accor-
dance with certain aspects of the present disclosure, the term
downlink may refer to a point-to-multipoint transmission
originating at the scheduling entity 202. Broadly, the sched-
uling entity 202 1s a node or device responsible for sched-
uling tratlic 1n a wireless communication network, including,
the downlink transmissions and, 1n some examples, uplink
data 210 from one or more subordinate entities to the
scheduling entity 202. Another way to describe the system
may be to use the term broadcast channel multiplexing. In
accordance with aspects of the present disclosure, the term
uplink may refer to a point-to-point transmission originating
at a scheduled entity 204. Broadly, the scheduled entity 204
1s a node or device that receives scheduling control infor-
mation, including but not limited to scheduling grants,
synchronization or timing information, or other control
information from another entity in the wireless communi-
cation network such as the scheduling entity 202.

The scheduling entity 202 may broadcast control infor-
mation 208 including one or more control channels, such as
a PBCH; a PSS; a SSS; a physical control format indicator
channel (PCFICH); a physical hybrid automatic repeat
request (HARQ) indicator channel (PHICH); and/or a physi-
cal downlink control channel (PDCCH), CSI-RS (Channel
State Information-Reference Signal), etc., to one or more
subordinate entities 204. The PHICH carries HARQ feed-
back transmissions such as an acknowledgment (ACK) or
negative acknowledgment (NACK). HARQ 1s a technique
well-known to those of ordinary skill in the art, wherein
packet transmissions may be checked at the receiving side
for accuracy, and 1f confirmed, an ACK may be transmitted,
whereas 11 not confirmed, a NACK may be transmitted. In
response to a NACK, the transmitting device may send a
HARQ retransmission, which may implement chase com-
bining, incremental redundancy, etc.

Uplink data 210 and/or downlink data 206 including one
or more data channels, such as a physical downlink shared
channel (PDSCH) or a physical uplink shared channel
(PUSCH) (and, in some examples, system information
blocks (SIBs)), may be additionally transmitted between the
scheduling entity 202 and the scheduled entity 204. Trans-
missions of the control and data information may be orga-
nized by subdividing a carrier, in time, into suitable trans-
mission time intervals (TT1s).

Furthermore, the subordinate entities 204 may transmit
uplink control information 212 including one or more uplink
control channels to the scheduling entity 202. Uplink control
information may 1include a variety of packet types and
categories, including pilots, reference signals, and 1nforma-
tion configured to enable or assist in decoding uplink data
transmissions. In some examples, the control information
212 may include a scheduling request (SR), 1.e., request for
the scheduling entity 202 to schedule uplink transmissions.
Here, in response to the SR transmitted on the control
channel 212, the scheduling entity 202 may transmit down-
link control information 208 that may schedule the subiframe
for uplink packet transmissions. In a further example, the
uplink control channel 212 may include hybrid automatic
repeat request (HARQ) feedback transmissions, such as an
acknowledgment (ACK) or negative acknowledgment
(NACK). HARQ 1s a technique well-known to those of
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ordinary skill in the art, wherein packet transmissions may
be checked at the receiving side for accuracy, and if con-
firmed, an ACK may be transmitted, whereas 11 not con-
firmed, a NACK may be transmitted. In response to a
NACK, the transmitting device may send a HARQ) retrans-
mission, which may implement chase combining, incremen-
tal redundancy, etc.

The channels or carriers illustrated mm FIG. 2 are not
necessarily all of the channels or carriers that may be utilized
between a scheduling entity 202 and subordinate entities
204, and those of ordinary skill in the art will recognize that
other channels or carriers may be utilized 1n addition to those
illustrated, such as other data, control, and feedback chan-
nels.

In addition, each of the uplink and/or downlink channels
illustrated 1n FIG. 2 may be transmitted imn one or more
transmission time intervals (T'T1s). In some examples, a TTI
may be equal to the duration of a time division duplex
(TDD) subirame. In other examples, a TDD subirame may
include multiple TTIs. In next generation (3G) wireless
networks, each TDD next generation subirame may carry
both downlink information and uplink information to reduce
latency 1n the wireless network. In some examples, next
generation subiframes may be entirely self-contained, mean-
ing that acknowledgement information (e.g., ACK/NACK
signals) may be transmitted in the same subirame as the data
being acknowledged. For example, a subirame carrying
downlink data may also include uplink acknowledgement
information corresponding to the downlink data (e.g., ACK/
NACK signals for all of the downlink data packets within
the subirame). Similarly, a subframe carrying uplink data
may also include downlink acknowledgement information
corresponding to the uplink data (e.g., ACK/NACK signals
for all of the uplink data packets within the subirame). In
other examples, next generation wireless networks may
support an interlaced mode of operation, where two or more
TDD next generation subiframes are utilized to transmit the
control, data and acknowledgement information.

FIG. 3 illustrates exemplary structures of TDD next
generation (5G) self-contained subirames 300 and 310. A
transmitter-scheduled subirame, referred to heremn as a
downlink subframe or DL-centric subirame 300, may be
used to carry control, data and/or scheduling information to
a scheduled entity, which may be a UE for example. A
receiver-scheduled subirame, referred to herein as an uplink
subirame or UL-centric subirame 310, may be used to
receive control data from the scheduling entity, transmait data
to a scheduling entity, and receive an ACK/NACK signal for
the transmitted data.

In the context of a multiple access network, channel
resources are generally scheduled, and each entity 1s syn-
chronous. That 1s, each node utilizing the network coordi-
nates its usage of the resources such that transmissions are
only made during the allocated portion of the frame, and the
time of each allocated portion 1s synchronized among the
different nodes. One node acts as a scheduling entity. The
scheduling entity may be a base station or access point, or
a UE 1n a device-to-device (D2D) and/or mesh network. The
scheduling entity manages the resources on the carrier and
assigns resources to other users of the channel, including
subordinate or scheduled entities, such as one or more UEs
in a cellular network.

Each subirame 1s divided into transmit (1x) and receive
(Rx) portions. In the DL-centric subirame 300, the sched-
uling entity first has an opportunity to transmit control
information in the control information portion 302, and then
an opportunity to transmit data 1n the DL data portion 304.
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Following a guard period (GP) portion 306, the scheduling
entity has an opportunity to receive an acknowledged
(ACK)/not acknowledged (NACK) signal in the ACK/

NACK portion 308 from other entities using the carrier. This
frame structure 1s downlink-centric, as more resources are
allocated for transmissions in the downlink direction (e.g.,
transmissions from the scheduling entity).

In one example, the control information portion 302 may

be used to transmit a physical downlink control channel
(PDCCH) and the DL data portion 304 may be used to
transmit a data payload. Following the GP portion 306, the
scheduling entity may receive an ACK signal (or a NACK
signal) from the scheduled entity during the ACK/NACK
portion 308 to indicate whether the data payload was suc-
cessiully received. The GP portion 306 may be scheduled to
accommodate variability in UL and DL timing. For example,
latencies due to RF antenna direction switching (e.g., from
DL to UL) and transmission path latencies may cause the
scheduled entity to transmit early on the UL to match DL
timing. Such early transmission may interfere with symbols
received from the scheduling entity. Accordingly, the GP
portion 306 may allow an amount of time after the DL data
portion 304 to prevent interference, where the GP portion
306 may provide an appropriate amount of time for the
scheduling entity to switch 1ts RF antenna direction, for the
over-the-air (OTA) transmission time, and time for ACK
processing by the scheduled entity. Accordingly, the GP
portion 306 may provide an appropriate amount of time for
the scheduled entity to switch 1ts RF antenna direction (e.g.,
from DL to UL), to processes the data payload, and for the
over-the-air (OTA) transmission time. The duration of the
GP portion 306 may be configured 1n terms of symbol
periods. For example, the GP portion 306 may have a
duration of one symbol period (e.g., 31.25 us). This frame
structure 1s downlink-centric, as more resources are allo-
cated for transmissions 1n the downlink direction (e.g.,
transmissions from the scheduling entity).

In the UL-centric subiframe 310, the scheduled entity first
has an opportunity to receive control immformation in the
control information portion 312. Following a GP portion
314, the scheduled entity has an opportunity to transmit data
in the UL data portion 316. Following another GP portion
318, the scheduled entity subsequently has an opportunity to
receive an ACK/NACK signal 1n the ACK/NACK portion
320 from the scheduling entity using the carrier. This frame
structure 1s uplink-centric, as more resources are allocated
for transmissions in the uplink direction (e.g., transmissions
from the scheduled entity).

In an aspect, UL data processing at the scheduling entity
may be amortized over the entire UL-centric subiframe 310.
The DL PDCCH portion 312, the ACK/NACK portion 320,
and part of the GP portion 314 may all be used to decode UL
data. The UL data may include multiple users and up to a
high order of multi-user MIMO.

FIG. 4 illustrates other exemplary structures of TDD next
generation (5G) subirames that may be used 1n some wire-
less communication networks. For example, the exemplary
structures shown 1 FIG. 4 may be used by scheduling
entities serving small cells. A downlink-centric (DL-centric)
subirame 400 may include a downlink control information
portion 402, a downlink data portion 404 and an uplink
control information portion 408 (common uplink burst). The
downlink data portion 404 and uplink control information
portion 408 may be separated by a guard period 406. Thus,
the DL-centric subirame 400 may correspond to the DL-
centric subframe 300, shown in FIG. 3.
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An UL-centric subframe 410 may include a downlink
control information portion 412, an uplink data portion 416
and an uplink control information portion 418 (common
uplink burst). The downlink control information portion 412
may be separated from the uplink data portion 416 by a
guard period 414. In some examples, the UL data portion
416 1ncludes uplink data and/or uplink control information
from multiple UEs multiplexed utilizing orthogonal fre-
quency division multiplexing (OFDM). In the example
shown 1n FI1G. 4, the UL data portion 412 utilizes OFDM to
carry UL data (PUSCH) from three UE’s (UE 1, UE 2 and
UE 3), along with UL control information (PUCCH) from
UE 2 and UE 3.

The UL-centric subirame 410 1s not entirely seli-con-
tained, as the DL acknowledgement information i1s not
included within the same subirame as the uplink data. Thus,
the UL-centric subirame 410 differs from the UL-centric
subirame 310 shown in FIG. 3. However, by structuring the
UL-centric subirame 410 to include the uplink control
information portion 418, interference between DL-centric
and UL-centric subirames 400 and 410 may be minimized.
In particular, when frequency multiplexing the DL-centric
and UL-centric subframes 400 and 410, there 1s no inter-
terence between the DL and UL control channels 1n the
structures shown in FIG. 4.

Referring now to FIG. 5, UL-centric and DL-centric
subiframe structures similar to those shown in FIG. 4 may
also be utilized in next generation macro cells, where
UL-centric subframes 310 are time-multiplexed with DL-
centric subirames 500. In the example shown 1n FIG. 5, each
DL-centric subirame 500 includes a downlink control infor-
mation portion 502, a downlink data portion 504 and an
uplink control information portion 508 (common uplink
burst). The downlink data portion 504 and uplink control
information portion 508 may be separated by a guard period
506.

Each UL-centric subiframe 510 includes a downlink con-
trol information portion 512, an uplink data portion 516 and
an uplink control information portion 518 (common uplink
burst). The downlink control information portion 512 may
be separated from the uplink data portion 516 by a guard
period 514. Instead of OFDM, uplink data and/or uplink
control information may be multiplexed within the uplink
data portion 316 of the UL-centric subiframe 510 utilizing
Single Carrier Frequency Division Multiplexing (SC-FDM)
to provide for an improved link budget.

Each subirame may correspond to any suitable duration of
time. In the example shown i FIG. 5, each subirame
duration 1s 500 us. In addition, any particular sequence 550
of UL-centric and DL-centric subiframes may be used. In the
example shown 1n FIG. 5, the sequence 350 includes three
DL-centric subframes 500 followed by one UL-centric sub-
frame $510. Thus, the duration of the sequence 550 shown 1n
FIG. 5 1s 2 ms, corresponding to four subirames (three
DL-centric and one UL-centric).

FIG. 6 1s a table 600 illustrating exemplary transmission
direction sequence configurations for legacy (e.g., 4G) wire-
less communication networks. Legacy (e.g., 4G) wireless
communication networks, such as the LTE network, provide
large downlink and uplink transmission durations to mini-
mize switching due to the large guard period utilized in
switching. For example, the table in FIG. 6 illustrates seven
possible transmission direction sequence configurations for
legacy subirames 0-9 within an LTE network. Each legacy
subirame 1n a particular transmission direction sequence 1s
either a downlink (D) subirame, an uplink (U) subiframe or
a special (S) subframe. D subirames include DL control and
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DL data information. U subirames include UL control and
UL data information. S subirames include both DL infor-
mation (control and/or data) and UL information (UL con-
trol). A guard period 1s also included in S subirames to
enable switching from DL to UL. Each legacy subirame
further has a duration of 1 ms.

FIG. 7 1s a diagram 1illustrating the coexistence of legacy
and next generation (5G) wireless communication networks
utilizing time division duplex (1DD) carrniers. In the
example shown i FIG. 7, alegacy cell 702 utilizing a legacy
RAT 1s adjacent a next generation cell 704 utilizing a next
generation RAT. The legacy cell 702 1s served by a legacy
scheduling entity 706, and the next generation cell 704 1s
served by a next generation scheduling entity 708. For
example, a UE 710 within legacy cell 702 may communicate
with the legacy scheduling entity 706, and a UE 712 within
the next generation cell 704 may communicate with the next
generation scheduling entity 708.

In some examples, the legacy scheduling entity 706 may
utilize one of the transmission direction sequences shown,
for example, 1n the table of FIG. 6 to communicate with a
UE 710 within cell 702. If the next generation scheduling
entity 708 utilizes the same frequency band as that used by
the legacy scheduling entity 706 or an adjacent frequency
band to that used by the legacy scheduling entity 706, mixed
interference between downlink transmissions (G, ) in the
legacy cell 702 and uplink transmissions (G;,) in the next
generation cell 704 may occur. For example, UE 710 may
experience interference (G, ) from the uplink transmission
(G;,,) n cell 708. In addition, the next generation scheduling
entity 708 1n next generation cell 704 may experience
interterence (G,,,,,) from the downlink transmission (G,,) in
legacy cell 702.

In various aspects of the disclosure, to mitigate the mixed
interference between legacy and next generation cells,
downlink and/or uplink transmissions may be aligned
between the legacy and next generation cells 702 and 704.
For example, the next generation scheduling entity 708 may
utilize a configurable subirame structure to align downlink
transmissions in the next generation cell 708 with downlink
transmissions in the legacy cell 702 and/or uplink transmis-
sions 1n the next generation cell 704 with uplink transmis-
sions 1n the legacy cell 702. In various aspects of the
disclosure, the configurable subirame structure may include
at least one of a downlink portion or an uplink portion. The
downlink portion may include only a downlink control
portion or both a downlink control portion and a downlink
data portion. In addition, the uplink portion may include
only an uplink control portion or both an uplink control
portion and an uplink data portion.

In various aspects of the disclosure, the next generation
scheduling entity 712 may 1dentily a subirame configuration
of a legacy subirame to be transmitted 1n the legacy cell 702
and configure the configurable subirame structure to pro-
duce a next generation subirame for transmission in the next
generation cell 704 substantially simultaneous to transmis-
sion of the legacy subframe i1n the legacy cell 702. For
example, if the legacy subirame 1s a D subirame, the
configured next generation subirame may include a down-
link portion for transmission within a downlink transmait
time of the legacy subiframe (e.g., at substantially the same
time as the legacy D subirame). In some examples, the
configured next generation subirame may be transmaitted
within the same TT1 as the legacy subframe. Similarly, 11 the
legacy subirame 1s a U subirame, the configured next
generation subirame may include an uplink portion for
transmission within an uplink transmit time of the legacy
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subirame (e.g., at substantially the same time as the legacy
U subirame). In other examples, 11 the legacy subirame 1s an
S subirame, the configured next generation subirame may
include both an uplink portion and a downlink portion, each
corresponding to the respective uplink and downlink por-
tions of the legacy subirame for transmission within the
respective uplink and downlink transmission times of the
legacy S subirame.

FIG. 8 1s a conceptual diagram illustrating an example of
a hardware implementation for an exemplary scheduling
entity 800 employing a processing system 814. For example,
the scheduling entity 800 may be a user equipment (UE) as
illustrated 1n any one or more of FIGS. 1 and/or 2. In another
example, the scheduling entity 800 may be a base station as
illustrated 1n any one or more of FIGS. 1 and/or 2. The
scheduling entity 800 may be a next generation (5G) sched-
uling entity serving a macro or small cell. The next genera-
tion scheduling entity 800 may be positioned in the next
generation (5G) wireless communication network in close
proximity to one or more neighboring legacy (3G or 4G)
scheduling entities 1n a legacy (3G or 4G) wireless commu-
nication network. The neighboring legacy scheduling enti-
ties may operate on the same frequency band as the sched-
uling entity 800 or an adjacent frequency band. As such, the
scheduling entity 800 may operate to minimize mixed
interference between uplink and downlink transmissions 1n
the legacy and next generation networks.

The scheduling entity 800 may be implemented with a
processing system 814 that includes one or more processors
804. Examples of processors 804 include microprocessors,
microcontrollers, digital signal processors (DSPs), field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), state machines, gated logic, discrete hard-
ware circuits, and other suitable hardware configured to
perform the various functionality described throughout this
disclosure. In various examples, the scheduling entity 800
may be configured to perform any one or more of the
functions described herein. That 1s, the processor 804, as
utilized 1n a scheduling entity 800, may be used to imple-
ment any one or more of the processes described below.

In this example, the processing system 814 may be
implemented with a bus architecture, represented generally
by the bus 802. The bus 802 may include any number of
interconnecting buses and bridges depending on the specific
application of the processing system 814 and the overall
design constraints. The bus 802 communicatively couples
together various circuits including one or more processors
(represented generally by the processor 804), a memory 805,
and computer-readable media (represented generally by the
computer-readable medium 806). The bus 802 may also link
various other circuits such as timing sources, peripherals,
voltage regulators, and power management circuits, which
are well known i1n the art, and therefore, will not be

described any further. A bus interface 808 provides an

interface between the bus 802 and a transceirver 810. The
transceiver 810 provides a means for communicating with
various other apparatus over a ftransmission medium.
Depending upon the nature of the apparatus, a user interface
812 (ec.g., keypad, display, speaker, microphone, joystick)
may also be provided.

The processor 804 1s responsible for managing the bus
302 and general processing, including the execution of
soltware stored on the computer-readable medium 806. The
soltware, when executed by the processor 804, causes the
processing system 814 to perform the various functions

described below for any particular apparatus. The computer-
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readable medium 806 and the memory 803 may also be used
for storing data that i1s manipulated by the processor 804
when executing software.

In some aspects of the disclosure, the processor 804 may
include circuitry configured for various functions. For
example, the processor 804 may include resource assign-
ment and subiframe generation circuitry 841, configured to
generate, schedule, and modily a resource assignment or
grant ol time-frequency resources. For example, the
resource assignment and subirame control circuitry 841 may
generate one or more time division duplex (TDD) sub-
frames, each including time-irequency resources assigned to
carry data and/or control mformation to and/or from mul-
tiple subordinate entities. The resource assignment and
subirame generation circuitry 841 may operate in coordina-
tion with resource assignment and subirame generation
software 851.

The processor 804 may further include downlink (DL)
data and control channel generation and transmission cir-
cuitry 842, configured to generate and transmit downlink
data and control channels. The DL data and control channel
generation and transmission circuitry 842 may operate n
coordination with the resource assignment and subirame
control circuitry 841 to schedule the DL data and/or control
information and to place the DL data and/or control infor-
mation onto a time division duplex (TDD) carrier within one
or more subframes generated by the resource assignment
and subiframe generation circuitry 841 1n accordance with
the resources assigned to the DL data and/or control infor-
mation. The DL data and control channel generation and
transmission circuitry 842 may further operate in coordina-
tion with DL data and control channel generation and
transmission soltware 852.

The processor 804 may further include uplink (UL) data
and control channel reception and processing circuitry 843,
configured to receive and process uplink control channels
and uplink data channels from one or more subordinate
entities. In some examples, the UL data and control channel
reception and processing circuitry 843 may be configured to
receive scheduling requests from one or more subordinate
entities, the scheduling requests being configured to request
a grant ol time-frequency resources for uplink user data
transmissions. In other examples, the UL data and control
channel reception and processing circuitry 843 may be
configured to receive and process acknowledgement infor-
mation (e.g., acknowledged/not acknowledged packets)
from one or more subordinate entities. The UL data and
control channel reception and processing circuitry 843 may
operate 1n coordination with the resource assignment and
subirame generation circuitry 841 to schedule UL data
transmissions, DI, data transmissions and/or DL data
retransmissions 1n accordance with the received UL control
channel information. The UL data and control channel
reception and processing circuitry 843 may further operate
in coordination with UL data and control channel reception
and processing software 853.

The processor 804 may further include legacy subirame
configuration circuitry 844, configured to i1dentily legacy
subirame configuration information indicating a legacy sub-
frame configuration for one or more legacy subirames in a
legacy (3G or 4G) wireless communication network. In
some examples, the legacy subirame circuitry 844 may
communicate with one or more neighboring legacy sched-
uling entities (1.¢., eNBs) over the X2 interface to receive the
legacy subirame configuration information. In other
examples, the legacy subirame configuration circuitry 844
may recerve a control channel broadcast from a neighboring
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legacy scheduling entity and process the control channel to
determine the legacy subirame configuration information. In
still other examples, the legacy subirame configuration
circuitry 844 may receive the legacy subirame configuration
information from one or more subordinate entities 1n wire-
less communication with the scheduling entity 800. For
example, a scheduled entity may receive a broadcast control
channel from a neighboring scheduling entity, process the
broadcast control channel to determine the legacy subirame
configuration information and transmit the legacy subirame
configuration information to the scheduling entity (e.g., 1n
response to a request for the legacy subirame configuration
information from the scheduling entity). The received
legacy subirame configuration information may be stored,
for example, 1n memory 805.

The legacy subirame configuration information indicates
a particular legacy subirame configuration of one or more
legacy subirames. For example, the legacy subirame con-
figuration of a legacy subirame may include a downlink
portion (e.g., downlink control and/or downlink data) and/or
an uplink portion (e.g., uplink control and/or uplink data). In
some examples, the legacy subirame configuration informa-
tion may 1ndicate whether a particular legacy subirame to be
transmitted in the legacy network 1s a downlink subirame
(e.g., a subframe that includes downlink control and down-
link data), an uplink subirame (e.g., a subirame that includes
uplink control and uplink data) or a special subirame (e.g.,
a subirame that includes both downlink data and uplink
control). As indicated above, a special subirame may be
utilized by the legacy network, for example, 1n downlink-
to-uplink switching, and may provide a gap (guard period)
between downlink transmissions and uplink transmissions
within the special subiframe. The uplink control information
included 1n special subirames may include, for example, an
uplink pilot time slot. In addition, uplink acknowledgement
information 1 legacy subirames may be transmitted 1n
uplink subirames, not 1n special subirames. If the legacy
network provides multiple configurations for special sub-
frames (e.g., different guard periods), the legacy subirame
configuration information may further indicate the particular
configuration used for a special subirame.

In another example, the legacy subirame configuration
information may indicate a transmission direction sequence
of a plurality of legacy subirames (1.e., a sequence of uplink,
downlink and special subiframes). For example, the legacy
network may support multiple legacy subirame transmission
direction sequences (e.g., as shown i FIG. 6), and the
legacy subirame configuration information may indicate a
particular transmission direction sequence to be utilized by
the legacy network for the next N legacy subirames. The
transmission direction sequence may be static in the legacy
network or may vary dynamically. It the transmission direc-
tion sequence varies in the legacy network, the legacy
subiframe configuration circuity 844 may receive periodic
updates from the legacy wireless communication network
with the current transmission direction sequence. The legacy
subirame configuration circuitry 844 may further operate in
coordination with legacy subirame configuration software
854.

The processor 804 may further include subirame structure
and configuration circuitry 845, configured to provide a
configurable next generation (5G) subirame structure to
mimmize mixed mterference between uplink and downlink
transmissions in the legacy and next generation networks.
The configurable next generation subirame structure
includes a downlink portion (e.g., downlink control and/or
downlink data) and an uplink portion (e.g., uplink control
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and/or uplink data). The subirame structure and configura-
tion circuitry 845 may configure the configurable next
generation subirame structure to produce a next generation
subirame based on the legacy subirame configuration. For
example, the subiframe structure and configuration circuitry
845 may operate 1n coordination with the legacy subirame
configuration circuitry 844 to determine the legacy subirame
configuration ol a legacy subirame to be transmitted, and
configure the next generation subirame to substantially align
the uplink and/or downlink portions 1n time between the
legacy subirame and the next generation subirame.

The subframe structure and configuration circuitry 845
may further operate in coordmation with the resource
assignment and subirame generation circuitry 841 to gen-
crate the next generation subirame in accordance with the
configured subirame structure and to assign resources to the
next generation subirame. In addition, the subirame struc-
ture and configuration circuitry 8435 may further operate in
coordination with the DL data and control channel genera-
tion and transmission circuitry 842 to provide the configured
subirame structure for the next generation subiframe to one
or more subordinate entities.

In some examples, the subiframe structure and configura-
tion circuitry 845 may determine that the legacy subirame 1s
a downlink (D) subirame, and configure the next generation
subiframe to include downlink information (e.g., downlink
control and/or downlink data). In another example, the
subframe structure and configuration circuitry 845 may
determine that the legacy subirame 1s an uplink (U) sub-
frame, and configure the next generation subirame to
include uplink information (e.g., uplink control and/or
uplink data). In another example, the subiframe structure and
configuration circuitry 845 may determine that the legacy
subirame 15 a special (S) subiframe, and configure the next
generation subframe to substantially align downlink and
uplink portions of the legacy special subiframe with down-
link and uplink portions 1n the next generation subirame.

In some examples, each legacy subirame may correspond
to a transmission time interval (T'T1). In this example, the
subframe structure and configuration circuitry 345 may
further determine the TTI of the legacy subirame, and
configure the next generation subirame to have a duration
equal to the TTI of the legacy subirame. In other examples,
the subirame structure and configuration circuitry 345 may
determine the transmission direction sequence of the next N
legacy subirames, and configure the next generation sub-
frame 1n accordance with the ftransmission direction
sequence. In this example, the duration of the next genera-
tion subirame may be equal to the sum of the duration of the
N legacy subirames.

In some examples, the subiframe structure and configura-
tion circuitry 845 may determine that the legacy subirame 1s
a downlink (D) subirame, and configure the next generation
subirame to include both downlink imnformation (e.g., down-
link control and/or downlink data) and uplink control infor-
mation, which may include, for example, acknowledgement
information. In this example, the uplink control information
may be transmitted by the subordinate entities within a
narrow frequency band of an in-band frequency range over
which the next generation subframe 1s transmitted to mini-
mize mixed interference between legacy and next generation
downlink/uplink transmissions. In another example, the
uplink control mformation may be transmitted by the sub-
ordinate entities over a secondary component TDD carrier
separated by a guard frequency band from a primary com-
ponent TDD carrier on which the downlink information 1s
transmitted to minimize the mixed interference. In another
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example, the uplink control information may be transmitted
by the subordinate entities at a power lower than the power
configured for a regular uplink transmission that 1s aligned
with an uplink portion of a legacy subirame to minimize the
mixed interference. The subiframe structure and configura-
tion circuitry 845 may further operate in coordination with
subirame structure and configuration software 833.

One or more processors 804 1n the processing system may
execute soltware. Software shall be construed broadly to
mean 1nstructions, instruction sets, code, code segments,
program code, programs, subprograms, soitware modules,
applications, software applications, software packages, rou-
tines, subroutines, objects, executables, threads of execu-
tion, procedures, functions, etc., whether referred to as
software, firmware, middleware, microcode, hardware
description language, or otherwise. The software may reside
on a computer-readable medium 806. The computer-read-
able medium 806 may be a non-transitory computer-read-
able medium. A non-transitory computer-readable medium
includes, by way of example, a magnetic storage device
(e.g., hard disk, floppy disk, magnetic strip), an optical disk
(e.g., a compact disc (CD) or a digital versatile disc (DVD)),
a smart card, a flash memory device (e.g., a card, a stick, or
a key drive), a random access memory (RAM), a read only
memory (ROM), a programmable ROM (PROM), an eras-
able PROM (EPROM), an electrically erasable PROM (EE-
PROM), a register, a removable disk, and any other suitable
medium for storing software and/or instructions that may be
accessed and read by a computer. The computer-readable
medium may also include, by way of example, a carrier
wave, a transmission line, and any other suitable medium for
transmitting soltware and/or instructions that may be
accessed and read by a computer. The computer-readable
medium 806 may reside in the processing system 814,
external to the processing system 814, or distributed across
multiple entities including the processing system 814. The
computer-readable medium 806 may be embodied 1 a
computer program product. By way of example, a computer
program product may include a computer-readable medium
in packaging materials. Those skilled in the art will recog-
nize how best to implement the described functionality
presented throughout this disclosure depending on the par-
ticular application and the overall design constraints
imposed on the overall system.

FI1G. 9 1s a conceptual diagram illustrating an example of
a hardware implementation for an exemplary scheduled
entity 900 employing a processing system 914. In accor-
dance with various aspects of the disclosure, an element, or
any portion of an element, or any combination of elements
may be mmplemented with a processing system 914 that
includes one or more processors 904. For example, the
scheduled entity 900 may be a user equipment (UE) as
illustrated 1n any one or more of FIGS. 1 and/or 2.

The processing system 914 may be substantially the same
as the processing system 914 1llustrated in FIG. 8, including
a bus mtertace 908, a bus 902, memory 905, a processor 904,
and a computer-readable medium 906. Furthermore, the
scheduled entity 900 may include a user mtertace 912 and a
transceiver 910 substantially similar to those described
above 1n FIG. 8. That 1s, the processor 904, as utilized 1n a
scheduled entity 900, may be used to implement any one or
more of the processes described below.

In some aspects of the disclosure, the processor 904 may
include uplink (UL) data and control channel generation and
transmission circuitry 942, configured to generate and trans-
mit uplink data on an UL data channel, and to generate and
transmit uplink control/feedback/acknowledgement infor-
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mation on an UL control channel. The UL data and control
channel generation and transmission circuitry 942 may
operate 1n coordination with UL data and control channel
generation and transmission software 952. The processor
904 may further include downlink (DL) data and control
channel reception and processing circuitry 944, configured
for receiving and processing downlink data on a data chan-
nel, and to receive and process control information on one
or more downlink control channels. In some examples,
received downlink data and/or control information may be
temporarily stored in a data bufler 915 within memory 905.
The DL data and control channel reception and processing
circuitry 944 may operate 1n coordination with DL data and
control channel reception and processing soltware 954.
The processor 904 may further include subirame structure
determination circuitry 946, configured to determine a sub-
frame structure designated by the scheduling entity for one
or more next generation subirames. For example, the sched-
uling enfity may transmit subirame structure information
indicating the scheduled time/frequency resources desig-
nated for UL control, UL data, DL control and/or DL data for
one or more next generation subirames to the scheduled
entity. The subiframe structure information may be received
by the DL data and control channel reception and processing
circuitry 944 and communicated to the subframe structure
determination circuitry 946 to determine the structure of one
or more next generation subirames in accordance with the

scheduled UL/DL resources. The subframe structure deter-
mination circuitry 946 may

further provide the subirame
structure information to the UL data and control channel
generation and transmission circuitry 942 to enable genera-
tion and transmission of uplink control and data information
in one or more next generation subirames in accordance
with the designated scheduled resources.

In some examples, the subirame structure information for
one or more next generation subirames may be transmitted
within a message sent from the scheduling entity to the
subordinate entities. The message may be, for example, a
Radio Resource Control (RRC) message or other L2 or L3
message. In another aspect of the disclosure, the subiframe
structure information may be transmitted within a downlink
control portion (for example, 1n the Downlink Control
Information (DCI)) of a subirame sent prior to the one or
more subirames to which the subirame structure information
applies. The subirame structure determination circuitry 946
may operate i coordination with the subirame structure
determination software 956.

FIG. 10 1llustrates exemplary downlink transmission time
interval (DL TTI) structures 1000 for use in configuring the
structure of one or more next generation subiframes. The DL
TTI structures 1000 shown 1n FIG. 10 are examples of basic
building blocks for DL portions of next generation sub-
frames. Each DL TTI structure 1000 includes a set of N
symbols. The N symbols may be of the same length or
different lengths. Each DL TTI structure duration (T_TTI) 1s
scalable and the number (N) of symbols within a DL TTI
structure may be set based on the DL TTT structure duration.
For example, each DL TTI structure may include 2, 4, 8, 16,
32, 64, or other compliment, OFDM symbols.

Each DL TTI structure 1000 may include one or more of
a DL control portion 1008 or a DL data portion 1010. In
some examples, the DL control portion 1008 may include
one or two symbols, while the number of symbols 1n the DL
data portion 1010 may be equal to the diflerence between the
total number (N) of symbols 1n the TTT structure 1000 and
the number of symbols 1n the DL control portion.
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In FIG. 10, three types of DL TTI structures 1002, 1004
and 1006 are 1illustrated. A first DL TTI type 1002, referred
to herein as DL TTI Type 0, includes only the DL control
portion (DL common burst) 1008, which may include, for
example, 1-2 symbols. A second DL TTI type 1004, referred
to herein as DL TTI Type 1, includes the DL common burst
1008 and a partial DL data portion 1010. A third DL T'TT type
1006, referred to herein as DL TTI Type 2, includes the DL
common burst 1008 and a tull DL data portion 1010. Thus,
DL TTI Type 2 includes more symbols 1 the DL data
portion 1010 than the DL TTI Type 1. It should be under-
stood that the DL TTT structures 1000 1llustrated are in FIG.
10 are merely exemplary, and the present disclosure 1s not
limited to the particular structures shown in FIG. 10.

In some examples, downlink control information (DCI)
may be included in both the DL common burst 1008 and the
DL data portion 1010. However, including the DCI 1n the
DL data portion 1010 may be less reliable than sending the
DCI 1n the DL common burst 1008. In addition to DCI, the
DL common burst 1008 may also carry CSI-RS (Channel
State Information-Reference Signal). For multi-user sched-
uling, DL split symbol control may be used to provide for
multi-user ACK/NACK.

FIG. 11 illustrates exemplary uplink transmission time
interval (UL TTI) structures 1100 for use in configuring the
structure of one or more next generation subirames. The UL
TTI structures 1100 shown 1n FIG. 11 are examples of basic
building blocks for UL portions of next generation sub-
frames. Each UL TTI structure 1100 includes a set of N
symbols. The N symbols may be of the same length or
different lengths. Each UL T'TT structure duration (T_T'TT) 1s
scalable and the number (N) of symbols within an UL TTI
structure may be set based on the UL T'TT structure duration.
For example, each UL TTI structure may include 4, 8, 16,
32, 64, or other compliment, OFDM symbols.

Each UL TTI structure 1100 may include one or more of
an UL control portion 1108 or an UL data portion 1110. In
some examples, the UL control portion 1108 may include
one or two symbols, while the number of symbols in the UL
data portion 1110 may be equal to the diflerence between the
total number (N) of symbols 1n the TT11 structure 1100 and
the number of symbols i the UL control portion.

In FIG. 11, three types of UL T'TI structures are 1llustrated
1102, 1104, and 1106. A first UL TTI type 1102, referred to
herein as DL TTI Type 0, includes only the UL control block
(UL common burst) 1108, which may include, for example,
1-2 symbols. A second UL TTI type 1104, referred to herein
as UL TTI Type 1, includes the UL common burst 1108 and
a partial UL data portion 1110. A third UL TTT type 1106,
referred to heremn as UL TTI Type 2, includes the UL
common burst 1108 and a full UL data portion 1110. Thus,
UL TTI Type 2 includes more symbols in the UL data
portion 1110 than the UL TTI Type 1. It should be under-
stood that the UL TTT structures 1100 1llustrated are in FIG.
11 are merely exemplary, and the present disclosure 1s not
limited to the particular structures shown 1n FIG. 11.

In some examples, uplink control information (UCI) may
be 1ncluded in both the UL common burst 1108 and the UL
data portion 1110. However, including the UCI 1n the UL
data portion 1110 may be less reliable than sending the UCI
in the UL common burst 1108. In addition to UCI, the UL
common burst 1108 may also carry low latency data. For
multiple UEs, UL control split symbols may be used for
acknowledgement

FI1G. 12 1s a diagram 1llustrating exemplary next genera-
tion subirames 1202 and 1204 configured using the DL/UL

TTI structures 1000 and 1100 shown 1n FIGS. 10 and 11. In
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the example shown 1 FIG. 12, subirame 1202 may be
configured using the first UL TTI type structure 1102 (e.g.,
UL TTI Type 0) and the second DL TTI type structure 1004
(e.g., DL TTI Type 1). The combination of the UL TTI Type
0 structure and the DL TTI Type 1 structure forms a
DL.-centric subframe 1202, similar to the DIL-centric sub-
frames shown 1n FIGS. 3-5. Thus, the DL-centric subirame
1202 includes a DL control portion 1008, a partial DL data
portion 1010, an UL control portion 1108 and a guard period
separating the partial DL data portion 1010 and the UL
control portion 1108. In some examples, the number of DL
control OFDM symbols may be 2, the number of DL data
OFDM symbols may be 12 and the number of UL control
OFDM symbols may be 1.

Subirame 1204 may be configured using the first DL TTI
type structure 1002 (e.g., DL TTI Type 0) and the second UL
TTI type structure 1104 (e.g., UL TTI Type 1). The combi-
nation of the DL TTI Type 0 structure and the UL TTI Type
1 structure forms an UL-centric subframe 1204, similar to
the UL-centric subirames shown in FIGS. 4 and 5. Thus, the
UL-centric subirame 1204 includes a DL control portion
1008, a partial UL data portion 1110, an UL control portion
1108 and a guard period separating the DL control portion
1008 and the partial UL data portion 1110. In some
examples, the number of DL control OFDM symbols may be
2, the number of UL data OFDM symbols may be 12 and the
number of UL control OFDM symbols may be 1.

The subframe duration (1_SF) of the next generation
subiframes 1202 and 1204 may be determined from the TT1
structure duration (T_TTI). In some examples, the subirame
duration T_SF may be equal to the TTI structure duration
(T_TTI). For example, with 16 OFDM symbols per sub-
frame, each having a duration of 31.25 us, the subirame
duration T_SF 1s approximately equal to 500 ms.

FIG. 13 illustrates another example of a next generation

subirame 1302 configured using the DL/UL TTI structures
1000 and 1100 shown 1n FIGS. 10 and 11. In the example
shown 1n FIG. 13, the next generation subirame 1302 1s a
multi-T'TT subirame, which includes multiple T'TT structures
and has a subframe duration (T_SF) greater than a single
TTI structure duration (T_TTI). In general, a multi-TTI
subirame 1302 may 1include more than one DL T'TT structure
and/or more than one UL TTI structure and may have a
subiframe duration (T_SF) greater than equal to twice the
single T'TT structure duration (T_TTI). For example, 11 each
TTI structure includes eight 01-DM symbols and the dura-
tion of each OFDM symbol 11 3.9 us, the subirame duration
(T_SF) of a multi-TTI structure including four TTI struc-
tures 1s approximately equal to 2350 us.

The multi-TTT structure 1302 shown in FIG. 13 1s con-
figured using multiple DL TTI Type 2 structures 1006, each
including a DL control portion 1008 and a DL data portion
1010. In addition, the multi-TTI subframe 1302 shown 1n
FIG. 13 further includes a DL TTI Type 1 structure and an
UL TTI Type 0 structure. The DL TTI 1 structure and the UL
TTI Type O structure collectively form a structure corre-
sponding to the DL-centric subiframe 1202 shown in FIG.
12. In some examples, the next generation subirame 1302
shown 1n FIG. 13 may be utilized to align with all or part of
a sequence ol legacy subiframes. In some examples, the
multi-T'TT subframe structure may be utilized 1n millimeter
wave applications.

FIG. 14 1s a diagram 1illustrating an exemplary alignment
of uplink and downlink transmissions between legacy and
next generation wireless communication networks. FIG. 14
illustrates a legacy transmission direction sequence 1400 of
subirames 1410 for a legacy cell. The legacy transmission
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sequence shown 1n FIG. 14 corresponds to legacy subirame
configuration #2 1n the table shown i FIG. 6. It should be
understood that the legacy transmission direction sequence
shown 1n FIG. 14 1s merely an example legacy subirame
configuration and a similar approach as that shown 1n FIG.
14 may be applied to any of the legacy subirame configu-
rations shown in FIG. 6.

To align the uplink and downlink transmissions in the
legacy cell with uplink and downlink transmissions in a next
generation cell, a multi-T'T1 (or extended) next generation
subirame 1420 (indicated by the dotted line) may be con-
figured to correspond to a collection of sequential legacy
subiframes 1410. Thus, the multi-TTI next generation sub-
frame 1420 may be configured as a plurality of DL/UL TTI
structures corresponding to the D, S and U subirames in the
collection of legacy subirames 1410.

For example, the next generation subiframe 1420 may
include a DL TTI Type 2 structure 1006 for one or more of
the D legacy subirames, an UL 'TTI Type 2 structure 1106 for
the U legacy subirame and a combination of DL/UL TTIs
(e.g., Type 0 and 1) for the S subirame. In some examples,
the next generation subiframe may include a DL TTI Type 2
structure 1006 for the first D legacy subframe and a DL T'T1
structure that includes only data (no control portion) for each
of the second and third D legacy subirames. For the S legacy
subiframe, 1 the example shown in FIG. 14, the next
generation subirame 1420 includes a DL TTI Type 1 struc-
ture and an UL TTI Type O structure that collectively form
a structure corresponding to the DL-centric subirame 1202
shown 1 FIG. 12. In other examples, for the S legacy
subirame, the next generation subirame 1420 may include a
DL T'TT structure that includes only data (no control portion)
together with the UL TTI Type O structure. The resulting
multi-TTI next generation subirame 1420 may be a seli-
contained subirame, similar to the self-contained subirames
shown 1n FIG. 3, depending on the transmission direction
sequence of the collection of legacy subirames 1410 corre-
sponding to the next generation subirame 1420.

By configuring the next generation subirame 1402 as
shown 1n FIG. 14, during transmission of the next generation
subiframe 1402, the DL portions (e.g., the DL control por-
tions 1008 and DL data portions 1010 of the DL TTI Type
2 structures 1006 and the DL TTI Type 1 structure) may be
transmitted within downlink transmit times of D and S
legacy subirames 1410. In addition, the UL portions (e.g.,
the UL control portions 1108 and UL data portions 1110
within the UL TTI Type 2 structure 1106 and the UL TTI
Type O structure) may be transmitted within uplink transmuit
times of S and U legacy subirames 1410. As a result,
interference may be minimized between the legacy and next
generation transmissions.

In some examples, as shown in FIG. 14, the duration
(T_TT1I) of each next generation T'11 structure may be equal
to the duration of each legacy subirame 1410. However, in
other examples, 11 the duration of a next generation TTI
structure 1s less than the duration of a legacy subirame,
multiple next generation TTT structures (DL and/or UL) may
be used to substantially align the next generation subirame
configuration with the legacy subirame configuration. For
example, 11 an mnteger number of DL TTI structures do not
exactly match the length of a D legacy subiframe 1410, the
next generation subiframe 1420 may include as many back-
to-back DL TTI structures of Type 2 as possible without
exceeding the length of the D legacy subirame 1410.

FI1G. 15 15 a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks. FIG.
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15 1llustrates the same legacy transmission direction
sequence 1400 of subiframes 1410 as shown 1n FIG. 14 (e.g.,
corresponding to legacy subirame configuration #2 in the
table shown 1n FIG. 6). However, i1t should be understood
that the legacy transmission direction sequence shown in
FIG. 15 1s merely an example legacy subirame configuration
and a similar approach as that shown in FIG. 15 may be
applied to any of the legacy subirame configurations shown
in FIG. 6.

In FIG. 15, each next generation subiframe 1520 (1llus-
trated by the dashed lines) corresponds to one legacy sub-
frame 1410. Thus, the duration (T_TTI) of each next gen-
eration subirame 1520 may be equal to the duration of each
legacy subirame 1410. For example, each next generation
subiframe 1520 may have a duration of 1 ms, corresponding,
to the legacy subirame duration.

In the example shown 1 FIG. 15, a DL TTI Type 2
structure 1006 1s provided for each D legacy subirame, an
UL TTI Type 2 structure 1106 1s provided for each U legacy
subirame, and a combination of DL/UL TTIs (Type 0 or 1)
1s provided for S legacy subirames. For example, the next
generation subirame 1520 corresponding to the S legacy
subirame may include a DL T'T1 Type O structure and an UL
TTI Type 1 structure that collectively form a structure
corresponding to the UL-centric subiframe 1204 shown 1n
FIG. 12. Thus, the next generation subirame 13520 corre-
sponding to the S subirame may be a self-contained sub-
frame, similar to the self-contained subirames shown in FIG.
3. Since the next generation subirames 1520 corresponding
to U legacy subframes 1410 may not contain DL control
information, the downlink control information (IDCI) 1n next
generation subiframes corresponding to D or S legacy sub-
frames 1410 may include control information for that sub-
frame and any subsequent U frames that immediately follow.

During transmission of the sequence of next generation
subirames 1502, DL portions (e.g., the DL control portions
1008 and DL data portions 1010 of the DL TTI Type 2
structures 1006 and the DL TTI Type O structure) may be
transmitted within downlink transmit times of D and S
legacy subirames 1410. In addition, UL portions (e.g., the
UL control portions 1108 and UL data portions 1110 within
the UL TTI Type 2 structure 1106 and the UL TTI Type 1
structure) may be transmitted within uplink transmait times of
S and U legacy subirames 1410. As a result, interference
may be mimmized between the legacy and next generation
transmissions.

FIG. 16 1s a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks. In
FIG. 16, each next generation subirame 1420 corresponds to
one legacy subirame 1410. In addition, each next generation
subiframe 1420 may be configured to be a DL-centric
subirame (for D legacy subirames) or UL-centric subirame
(for U legacy subirames) having a structure shown 1n FIGS.
3-5. For example, the next generation subirame 1420 cor-
responding to the D legacy subirame may include a DL TTI
Type 1 structure (e.g., a DL control portion 1004 and partial
DL data portion 1010) and an UL TTI Type O structure (e.g.,
an UL control portion 1108) that collectively form a struc-
ture corresponding to the DL-centric subirame 1202 shown
in FIG. 12. Similarly, the next generation subirame 1420
corresponding to the U legacy subirame may include an UL
TTI Type 1 structure (e.g., an UL control portion 1108 and
a partial UL data portion 1110) and a DL TTI Type 0O
structure (e.g., a DL control portion 1008) that collectively
form a structure corresponding to the UL-centric subiframe

1204 shown 1n FIG. 12.
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However, for D legacy subirames (or DL portions of S
legacy subirames), the UL control portion 1108 (UL com-
mon burst) of the DL-centric subiframe 1202 may be muted
such that the channel/frequency band 1n the next generation
wireless cell 1s devoid of any uplink transmissions during
the UL control portion 1108 to avoid mixed interference
with D legacy subirame transmissions. In addition, for U
legacy subirames (or UL portions of S legacy subirames),
the DL control portion 1008 (DL common burst) of the
UL-centric subirame 1204 may be muted such that the
channel/frequency band 1n the next generation wireless cell
1s devoid of any downlink transmissions during the DL
control portion 1008 to avoid mixed interference with U
legacy subirame transmissions. In this example, the control
information that would typically have been sent 1n the muted
control portions 1008 and 1108 may be sent on the next
available common burst, which may introduce a delay and
impact the HARQ timeline.

FI1G. 17 1s a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks. In
FIG. 17, each next generation subirame 1420 corresponds to
one legacy subirame 1410. In addition, each next generation
subiframe 1420 may be configured to be a DL-centric
subirame (for D legacy subiframes) or UL-centric subirame
(for U legacy subirames) having a structure shown 1n FIGS.
3-5. For example, the next generation subirame 1420 cor-
responding to the D legacy subirame may include a DL TTI
Type 1 structure (e.g., a DL control portion 1004 and partial
DL data portion 1010) and an UL TTI Type O structure (e.g.,
an UL control portion 1108) that collectively form a struc-
ture corresponding to the DL-centric subirame 1202 shown
in FIG. 12. Similarly, the next generation subiframe 1420
corresponding to the U legacy subirame may include an UL
TTI Type 1 structure (e.g., an UL control portion 1108 and
a partial UL data portion 1110) and a DL TTI Type O
structure (e.g., a DL control portion 1008) that collectively
form a structure corresponding to the UL-centric subiframe
1204 shown 1n FIG. 12.

However, for D legacy subirames (or DL portions of S
legacy subirames), the UL control portion 1108 (UL com-
mon burst) of the DL-centric subiframe 1202 may be modi-
fied to use a narrow band 1702 (e.g., a narrow Irequency
band of an in-band frequency range over which the DL-
centric subiframe 1s transmitted, where the narrow frequency
band occupies only apportion of the in-band frequency
range). Likewise, for U legacy subirames (or UL portions of
S legacy subirames), the DL control portion 1008 (DL
common burst) of the UL-centric subirame 1204 may be
modified to use a narrow band 1704. For example, the
control information may be put on a narrow band with
modified filtering, pulse shaping and/or power control to
reduce the impact of mixed interference. In some examples,
the narrow band may be a different component carrier
(in-band with a large guard band) or the control information
may be sent on a different FDD channel. By using a narrow
band for the UL control portions 1008 and 1108, the next
generation subirames 1420 corresponding to D and U legacy
subirames 1410 may be self-contained.

FIG. 18 15 a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks. In
FIG. 18, each next generation subirame 1420 corresponds to
one legacy subirame 1410. In addition, each next generation
subirame 1420 may be configured to be a DL-centric
subirame or UL-centric subirame having a structure shown
in FIGS. 3-5. For example, the next generation subirame
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1420 corresponding to the D legacy subirame may include
a DL TTI Type 1 structure (e.g., a DL control portion 1004
and partial DL data portion 1010) and an UL TTI Type 0
structure (e.g., an UL control portion 1108) that collectively
form a structure corresponding to the DL-centric subirame
1202 shown in FIG. 12. Similarly, the next generation
subirame 1420 corresponding to the U legacy subirame may
include an UL TTI Type 1 structure (e.g., an UL control
portion 1108 and a partial UL data portion 1110) and a DL
TTI Type O structure (e.g., a DL control portion 1008) that
collectively form a structure corresponding to the UL-
centric subiframe 1204 shown in FIG. 12.

However, 1n the example shown 1n FIG. 18, DL-centric
subirames 1202 may not be transmitted within the downlink
transmit time of D legacy subirames and UL-centric sub-
frames 1204 may not be transmitted within the uplink
transmit time of U legacy subirames. Instead, one or more
DL-centric subirames 1202 may be transmitted within the
uplink transmit time of U legacy subirames and one or more
UL-centric subirames 1204 may be transmitted within the
downlink transmait time of D legacy subirames.

In the example shown 1n FIG. 18, the portions of the next
generation subiframes 1420 that are transmitted 1n the oppo-
site direction as the corresponding legacy portions may be
configured to use a lower power to mitigate the impact of
mixed interference. For example, when transmitting a DL-
centric subiframe 1202 1n a next generation cell simultaneous
to transmitting a U legacy subirame 1n a legacy cell, the DL
control portion 1008 (DL common burst) and DL data
portion 1010 of the DL-centric subiframe 1202 may be
configured to use a lower power (LP) than the power
normally used for a regular downlink transmission that 1s
aligned with a downlink legacy configuration to minimize
the mixed interference. For example, the next generation
scheduling entity (e.g., as shown 1n FIG. 8) may be config-
ured to utilize a first transmit power to transmit DL control
and data when the DL portions of the next generation
subirame are transmitted within the downlink transmit time
of a D legacy subiframe or S legacy subirame, and to utilize
a second transmit power less than the first transmit power to
transmit DL control and data when the DL portions of the
next generation subirame are transmitted within the uplink
transmit time of a U legacy subirame or S legacy subirame.
The second transmit power 1s illustrated 1n FIG. 18 as a low
power (LP) utilized 1n the DL control potion 1008 and DL
data portion 1010 of the DL-centric subiframe 1202.

Similarly, when transmitting an UL-centric subirame
1204 1n a next generation cell simultaneous to transmitting
a D legacy subirame in a legacy cell, the UL control portion
1108 (DL common burst) and UL data portion 1110 of the
UL-centric subiframe 1204 may be configured to use a lower
power (LP) than the power normally used for a regular
uplink transmission that i1s aligned with an uplink legacy
configuration to mimmize the mixed interference. For
example, next generation subordinate entities (e.g., as shown
in FIG. 9) 1n a next generation cell may each be configured
to utilize a respective first transmit power to transmit UL
control and data when the UL portions of the next generation
subirame are transmitted within the uplink transmit time of
a U legacy subirame or S legacy subframe, and to utilize a
respective second transmit power less than the first power to
transmit UL control and data when the UL portions of the
next generation subirame are transmitted within the down-
link transmit time of a D legacy subiframe or S legacy
subirame. The second transmit power 1s illustrated in FIG.
18 as a low power (LP) utilized 1n the UL data potion 1110
and UL control portion 1108 of the UL-centric subirame
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1204. Such a power reduction may introduce constraints on
the scheduling entity as to which UEs are scheduled and the
rates allocated to each UE. However, allowing self-con-
tained next generation subirames may lower the latency in
the cell.

FI1G. 19 15 a diagram illustrating another exemplary align-
ment of uplink and downlink transmissions between legacy
and next generation wireless communication networks. FIG.
19 1llustrates the alignment between an S legacy subirame
1410 and a next generation subirame 1420. In FIG. 19, the
uplink and downlink transmissions are aligned between the
S legacy subirame 1410 and the next generation subirame
1410. For example, the next generation subirame 1420
structure may be configured using a DL T'T1 Type 2 structure
1006 and an UL TTI Type O structure 1102. Thus, a DL
portion (e.g., a DL control portion 1008 and a DL data
portion 1010) of the next generation subirame 1420 may
transmitted within the transmit time of a DL portion 1702 of
the S legacy subirame 1410. In addition, an UL portion (e.g.,
UL control portion 1108) of the next generation subirame
1420 may be transmitted within the transmit time of an UL
portion 1906 of the S legacy subirame 1410.

However, respective guard periods 1904 and 1908
between uplink and downlink transmissions may vary
depending on the configurations of the next generation and
legacy subirames. In the example shown 1n FIG. 19, the next
generation subframe 1420 provides a larger guard period
1908 than the guard period 1904 1n the S legacy subirame
1410.

FIG. 20 1s a flow chart 1llustrating an exemplary method
2000 of wireless communication that enables alignment of
uplink and downlink transmissions between legacy and next
generation wireless communication networks 1 accordance
with some aspects of the present disclosure. As described
below, some or all illustrated features may be omitted 1n a
particular implementation within the scope of the present
disclosure, and some illustrated features may not be required
for implementation of all embodiments. In some examples,
the method 2000 may be carried out by the next generation
scheduling entity 800 1illustrated i FIG. 8. In some
examples, the method 2000 may be carried out by any
suitable apparatus or means for carrying out the functions or
algorithm described below.

At block 2002, the scheduling entity may identily a
subirame configuration for at least one legacy subirame 1n a
legacy network (e.g., a legacy cell utilizing a legacy RAT).
For example, the subirame configuration for the legacy
subiframe may include a downlink portion (e.g., for a D
legacy subirame), an uplink portion (e.g., for a U legacy
subirame) or a combination of uplink and downlink portions
(e.g., for an S legacy subirame). The subirame configuration
may further indicate a transmission direction sequence for a
plurality of subframes (e.g., a particular sequential combi-
nation of D, U and/or S legacy subirames). For example, the
legacy subirame circuitry 844 shown and described above
with reference to FIG. 8 may identity the legacy subiframe
configuration.

In some examples, the scheduling entity may communi-
cate with one or more neighboring legacy scheduling entities
(1.e., eNBs) over the X2 interface to receive legacy subirame
configuration information. In other examples, the scheduling
entity may receive a control channel containing the legacy
subirame configuration information broadcast from a neigh-
boring legacy scheduling entity. In still other examples, the
scheduling entity may receive the legacy subirame configu-
ration information from one or more subordinate entities in
wireless communication with the scheduling entity.
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At block 2004, the scheduling entity may provide a
configurable TDD subirame structure for use in configuring
one or more next generation subirames. In some examples,
the scheduling entity may provide a configurable subiframe
structure including a downlink portion (e.g., downlink con-
trol portion and/or downlink data portion) and an uplink
portion (e.g., uplink control portion and/or uplink data
portion). For example, the subiframe structure and configu-
ration circuitry 855 shown and described above with refer-
ence to FIG. 8 may provide the configurable TDD subirame
structure.

At block 2006, the scheduling entity may configure the
configurable subirame structure to produce a next generation
subirame based on the legacy subirame configuration. In
some examples, the scheduling entity may configure the
next generation subiframe to align uplink and/or downlink
portions of the legacy and next generation subirames. For
example, the subiframe structure and configuration circuitry
855 shown and described above with reference to FIG. 8
may configure the configurable subirame structure and the
resource assignment and subirame generation circuitry 841
shown and described above with reference to FIG. 8 may
produce the next generation subiframe in accordance with the
configured structure. At block 2008, the scheduling entity
may communicate with one or more subordinate entities
using the next generation subframe. For example, the DL
data and control channel generation and transmission cir-
cuitry 842 and/or the UL data and control channel reception
and processing circuitry 843 shown and described above
with reference to FIG. 8 may communicate using the con-
figured next generation subirame.

FIG. 21 1s a flow chart illustrating an exemplary method
2100 of wireless communication that enables alignment of
uplink and downlink transmissions between legacy and next
generation wireless communication networks 1n accordance
with some aspects of the present disclosure. As described
below, some or all illustrated features may be omitted 1n a
particular implementation within the scope of the present
disclosure, and some 1llustrated features may not be required
for implementation of all embodiments. In some examples,
the method 2100 may be carried out by the scheduling entity
800 illustrated 1n FIG. 8. In some examples, the method
2100 may be carried out by any suitable apparatus or means
for carrying out the functions or algorithm described below.

At block 2102, the scheduling entity may identily a
subirame configuration for at least one legacy subirame 1n a
legacy network (e.g., a legacy cell utilizing a legacy RAT).
For example, the subiframe configuration for the legacy
subiframe may include a downlink portion (e.g., for a D
legacy subirame), an uplink portion (e.g., for a U legacy
subirame) or a combination of uplink and downlink portions
(e.g., for an S legacy subirame). The subirame configuration
may further indicate a transmission direction sequence for a
plurality of subframes (e.g., a particular sequential combi-
nation of D, U and/or S legacy subirames). For example, the
legacy subirame circuitry 844 shown and described above
with reference to FIG. 8 may identity the legacy subirame
configuration.

In some examples, the scheduling entity may communi-
cate with one or more neighboring legacy scheduling entities
(1.e., eNBs) over the X2 interface to receive legacy subirame
configuration information. In other examples, the scheduling
entity may receive a control channel containing the legacy
subirame configuration information broadcast from a neigh-
boring legacy scheduling entity. In still other examples, the
scheduling entity may receive the legacy subframe configu-
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ration information from one or more subordinate entities in
wireless communication with the scheduling entity.
At block 2104, the scheduling entity may determine

whether the at least one legacy subirame to be transmitted in
the legacy cell includes a downlink (DL) portion based on
the legacy subirame configuration information. For
example, the legacy subirame circuitry 844 shown and
described above with reference to FIG. 8 may determine
whether the legacy subiframe includes a DL portion. It the
legacy subirame to be transmitted does include a DL portion
(Y branch of 2104), at block 2106, the scheduling entity may
configure a next generation subirame to include a DL
portion and to transmit the DL portion within a DL transmit
time of the legacy subirame (e.g., at substantially the same
time as the DL portion of the legacy subirame). For
example, the subiframe structure and configuration circuitry
855 shown and described above with reference to FIG. 8
may coniigure the next generation subirame to include the
DL portion and the resource assignment and subirame
generation circuitry 841 shown and described above with
reference to FIG. 8 may schedule the next generation
subirame to transmit the DL portion within the DL transmit
time of the legacy subirame.

At block 2108, the scheduling entity may further deter-
mine whether the at least one legacy subirame to be trans-
mitted 1n the legacy cell includes an uplink (UL) portion
based on the legacy subirame configuration information. For
example, the legacy subirame circuitry 844 shown and
described above with reference to FIG. 8 may determine
whether the legacy subirame includes an UL portion. If the
legacy subirame to be transmitted does include a UL portion
(Y branch of 2108), at block 2110, the scheduling entity may
configure a next generation subirame to include an UL
portion and to transmit the UL portion within an UL transmait
time of the legacy subirame (e.g., at substantially the same
time as the UL portion of the legacy subirame). For
example, the subiframe structure and configuration circuitry
855 shown and described above with reference to FIG. 8
may coniigure the next generation subirame to include the
UL portion and the resource assignment and subirame
generation circuitry 841 shown and described above with
reference to FIG. 8 may schedule the next generation
subirame to transmit the UL portion within the UL transmit
time of the legacy subirame.

FIG. 22 1s a flow chart 1llustrating an exemplary method
2200 of wireless communication that enables alignment of
uplink and downlink transmissions between legacy and next
generation wireless communication networks 1n accordance
with some aspects of the present disclosure. As described
below, some or all illustrated features may be omitted 1n a
particular implementation within the scope of the present
disclosure, and some illustrated features may not be required
for implementation of all embodiments. In some examples,
the method 2200 may be carried out by the scheduling entity
800 illustrated 1n FIG. 8. In some examples, the method
2200 may be carried out by any suitable apparatus or means
for carrying out the functions or algorithm described below.

At block 2202, the scheduling entity may identily a
subirame configuration for at least one legacy subirame 1n a
legacy network (e.g., a legacy cell utilizing a legacy RAT).
For example, the subirame configuration for the legacy
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subframe may include a downlink portion (e.g., for a D
legacy subirame), an uplink portion (e.g., for a U legacy
subirame) or a combination of uplink and downlink portions
(e.g., for an S legacy subirame). The subirame configuration
may further indicate a transmission direction sequence for a
plurality of subframes (e.g., a particular sequential combi-
nation ol D, U and/or S legacy subirames). For example, the
legacy subirame circuitry 844 shown and described above
with reference to FIG. 8 may identity the legacy subirame
configuration.

In some examples, the scheduling entity may communi-
cate with one or more neighboring legacy scheduling entities
(1.e., eNBs) over the X2 interface to receive legacy subirame
configuration information. In other examples, the scheduling
entity may receive a control channel containing the legacy
subirame configuration information broadcast from a neigh-
boring legacy scheduling entity. In still other examples, the
scheduling entity may receive the legacy subirame configu-
ration information from one or more subordinate entities in
wireless communication with the scheduling entity.

At block 2204, the scheduling entity may configure a
configurable TDD next generation subirame structure to
include both a downlink (DL) portion (e.g., downlink con-
trol portion and/or downlink data portion) and an uplink
(UL) portion (e.g., uplink control portion and/or uplink data
portion). In some examples, the next generation subirame
structure may include a combination of the DL TTI Type O
structure and the UL TTI Type 1 structure or a combination
of the DL TTI Type 1 structure and the UL TTI Type O
structure. For example, the subirame structure and configu-
ration circuitry 855 shown and described above with refer-
ence to FIG. 8 may configure the configurable TDD sub-
frame structure.

At block 2206, the scheduling entity may determine
whether the DL portion or UL portion of the next generation
subirame will overlap 1n time with an opposite direction link
in the legacy subirame(s). For example, the scheduling
entity may determine whether either the DL portion (or part
thereol) 1n the next generation subirame will be transmitted
at substantially the same time as an UL portion in the legacy
subirame (e.g., within an uplink transmit time of the legacy
subirame) or the UL portion (or part thereof) in the next
generation subirame will be transmitted at substantially the
same time as a DL portion in the legacy subirame (e.g.,
within a downlink transmit time of the legacy subirame). For
example, the subirame structure and configuration circuitry
855 shown and described above with reference to FIG. 8
may determine whether overlapping opposite links in the
legacy and next generation subirames will occur.

If the scheduling entity determines that there will not be
an overlap 1n opposite links between the legacy and next
generation subirames (N branch o1 2206), at block 2208, the
scheduling entity may configure the next generation sub-
frame to transmit the UL and DL portions of the next
generation subirame within respective UL and DL transmut
times of the legacy subirame(s). For example, the schedul-
ing entity may configure the next generation subframe to
enable the DL portion to be transmitted within a DL transmut
time of a DL portion of the legacy subirame(s). In addition,
the scheduling entity may configure the next generation
subirame to enable the UL portion to be transmitted within




US 10,285,189 B2

33

an UL transmit time of an UL portion of the legacy sub-

frame(s). For example, the subirame structure and configu-
ration circuitry 855 shown and described above with refer-
ence to FIG. 8 may configure the next generation subiframe
to align the UL and DL portions of the next generation and
legacy subirames.

If the scheduling entity determines that there will be an
overlap 1n opposite links between the legacy and next

generation subirames (Y branch of 2206), at block 2210, the
scheduling entity may configure the next generation sub-
frame to mimmize iterference of the overlapping opposite
links of the next generation and legacy subirames. In some
examples, the scheduling entity may configure the overlap-
ping opposite next generation UL/DL portion to be trans-
mitted within a narrow frequency band of an in-band fre-
quency range over which the next generation subirame is
transmitted. In another example, the scheduling entity may
configure the overlapping opposite next generation UL/DL
portion to be transmitted 1n a secondary component TDD
carrier separated by a guard frequency band from a primary
component TDD carrier on which the overlapping opposite
legacy DL/UL portion 1s transmitted. In another example,
the scheduling entity may configure the overlapping oppo-
site next generation UL/DL portion to be transmitted at a
power lower than the power configured for a regular (non-
overlapping/opposite) next generation UL/DL transmission.
For example, the subframe structure and configuration cir-
cuitry 855 shown and described above with reference to
FIG. 8 may configure the next generation subirame to
mimmize interference between overlapping opposite links in
next generation and legacy subirames.

FIG. 23 1s a flow chart 1llustrating an exemplary method
2300 of wireless communication that enables alignment of
uplink and downlink transmissions between legacy and next
generation wireless communication networks 1n accordance
with some aspects of the present disclosure. As described
below, some or all illustrated features may be omitted 1n a
particular implementation within the scope of the present
disclosure, and some 1llustrated features may not be required
for implementation of all embodiments. In some examples,
the method 2300 may be carried out by the scheduling entity
800 1illustrated in FIG. 8. In some examples, the method
2300 may be carried out by any suitable apparatus or means
for carrying out the functions or algorithm described below.

At block 2302, the scheduling entity may identify a
subirame configuration for at least one legacy subirame 1n a
legacy network (e.g., a legacy cell utilizing a legacy RAT).
For example, the subirame configuration for the legacy
subirame may include a downlink portion (e.g., for a D
legacy subirame), an uplink portion (e.g., for a U legacy
subirame) or a combination of uplink and downlink portions
(e.g., for an S legacy subirame). The subirame configuration
may further indicate a transmission direction sequence for a
plurality of subirames (e.g., a particular sequential combi-
nation of D, U and/or S legacy subirames). For example, the
legacy subirame circuitry 844 shown and described above
with reference to FIG. 8 may identity the legacy subiframe
configuration.

In some examples, the scheduling entity may communi-
cate with one or more neighboring legacy scheduling entities
(1.e., eNBs) over the X2 interface to receive legacy subirame
configuration information. In other examples, the scheduling
entity may receive a control channel containing the legacy
subirame configuration information broadcast from a neigh-
boring legacy scheduling entity. In still other examples, the
scheduling entity may receive the legacy subirame configu-
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ration information from one or more subordinate entities in
wireless communication with the scheduling entity.

At block 2304, the scheduling entity may determine
whether a next generation subirame should be a multi-TTI
subirame corresponding to more than one legacy subirame
(e.g., a sequence of two or more consecutive legacy sub-
frame). In general, a multi-TTI subiframe may include more
than one DL TTI structure and/or more than one UL TTI
structure and may have a subirame duration greater than
equal to twice the single TTI structure duration. For
example, the subiframe structure and configuration circuitry
855 shown and described above with reference to FIG. 8
may determine whether a multi-TTI next generation sub-
frame structure should be utilized.

If a multi-TTI next generation subirame structure 1s to be
used (Y branch of 2304), at block 2306, the scheduling
entity may configure a next generation subframe to include
a number of T'TI structures corresponding to the number of
legacy subirames 1n the sequence of two or more consecu-
tive legacy subirames. In some examples, the scheduling
entity may configure the next generation subframe such that
the TTT structures included 1n the next generation subirame
match the transmission direction sequence of the legacy
subirames. For example, for each D legacy subirame, the
scheduling entity may 1nclude a DL TTI Type 2 structure in
the next generation subirame. As another example, for each
U legacy subirame, the scheduling entity may include an UL
TTI Type 2 structure in the next generation subirame. As
another example, for each S legacy subirame, the scheduling
entity may include a combination of DL/UL T'T structures
forming DIL-centric or UL-centric subirame structures cor-
responding to the S legacy subirame transmission direction
sequence. For example, the subirame structure and configu-
ration circuitry 855 shown and described above with refer-
ence to FIG. 8 may configure the next generation subirame
as a multi-T'TT subirame.

If a multi-TTT structure 1s not to be used (N branch of
2304), at block 2308, the scheduling entity may configure a
next generation subirame based on the subirame configura-
tion of a single legacy subirame. For example, the sched-
uling enfity may configure the next generation subirame to
include a DL TTI Type 2 structure 1if the legacy subirame 1s
a D subiframe, an UL TTI Type 2 structure 1s the legacy
subirame 1s a U subirame and a combination of DL/UL TT1I
structures 1f the legacy subirame 1s an S subirame. In some
examples, the scheduling entity may determine the duration
of the legacy subirame and configure the next generation
subiframe to have a duration substantially equal to the
duration of the legacy subirame. For example, the subiframe
structure and configuration circuitry 855 shown and
described above with reference to FIG. 8 may configure the
next generation subirame as a single TTI subirame.

Several aspects of a wireless communication network
have been presented with reference to an exemplary imple-
mentation. As those skilled 1n the art will readily appreciate,
various aspects described throughout this disclosure may be
extended to other telecommunication systems, network
architectures and communication standards.

By way of example, various aspects may be implemented
within other systems defined by 3GPP, such as Long-Term
Evolution (LTE), the Evolved Packet System (EPS), the
Universal Mobile Telecommunication System (UMTS),
and/or the Global System for Mobile (GSM). Various
aspects may also be extended to systems defined by the 3rd
Generation Partnership Project 2 (3GPP2), such as
CDMA2000 and/or Evolution-Data Optimized (EV-DO).

Other examples may be implemented within systems
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employmg IEEE 802.11 (Wi-F1), IEEE 802.16 (WiMAX),
IEEE 802.20, Ultra-Wideband (UWB), Bluetooth, and/or
other suitable systems. The actual telecommunication stan-
dard, network architecture, and/or communication standard
employed will depend on the specific application and the 5
overall design constraints imposed on the system.

Within the present disclosure, the word “exemplary™ 1s
used to mean “serving as an example, 1nstance, or illustra-
tion.” Any implementation or aspect described herein as
“exemplary” 1s not necessarily to be construed as preferred 10
or advantageous over other aspects of the disclosure. Like-
wise, the term “aspects” does not require that all aspects of
the disclosure include the discussed feature, advantage or
mode of operation. The term “coupled™ 1s used herein to
refer to the direct or indirect coupling between two objects. 15
For example, 1t object A physically touches object B, and
object B touches object C, then objects A and C may still be
considered coupled to one another—even 1f they do not
directly physically touch each other. For instance, a first
object may be coupled to a second object even though the 20
first object 1s never directly physically 1n contact with the
second object. The terms “circuit” and “circuitry” are used
broadly, and intended to include both hardware implemen-
tations of electrical devices and conductors that, when
connected and configured, enable the performance of the 25
functions described in the present disclosure, without limi-
tation as to the type of electronic circuits, as well as software
implementations of information and instructions that, when
executed by a processor, enable the performance of the
functions described 1n the present disclosure. 30

One or more ol the components, steps, features and/or
tfunctions illustrated 1n FIGS. 1-23 may be rearranged and/or
combined 1nto a single component, step, feature or function
or embodied i several components, steps, or functions.
Additional elements, components, steps, and/or functions 35
may also be added without departing from novel features
disclosed herein. The apparatus, devices, and/or components
illustrated 1n FIGS. 1-23 may be configured to perform one
or more of the methods, features, or steps described herein.
The novel algonthms described herein may also be efli- 40
ciently implemented in software and/or embedded in hard-
ware.

It 1s to be understood that the specific order or hierarchy
of steps 1n the methods disclosed 1s an illustration of
exemplary processes. Based upon design preferences, 1t 1s 45
understood that the specific order or hierarchy of steps in the
methods may be rearranged. The accompanying method
claims present elements of the various steps in a sample
order, and are not meant to be limited to the specific order
or hierarchy presented unless specifically recited therein. 50

The previous description 1s provided to enable any person
skilled 1n the art to practice the various aspects described
herein. Various modifications to these aspects will be readily
apparent to those skilled 1n the art, and the generic principles
defined herein may be applied to other aspects. Thus, the 55
claims are not intended to be limited to the aspects shown
herein, but are to be accorded the tull scope consistent with
the language of the claims, wherein reference to an element
in the singular 1s not intended to mean “one and only one”
unless specifically so stated, but rather “one or more.” 60
Unless specifically stated otherwise, the term “some” refers
to one or more. A phrase referring to ““at least one of” a list
of 1tems refers to any combination of those items, including
single members. As an example, “at least one of: a, b, or ¢”
1s 1ntended to cover: a; b; ¢; aand b; a and ¢; b and c; and 65
a, b and c. All structural and functional equivalents to the
clements of the various aspects described throughout this
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disclosure that are known or later come to be known to those
of ordinary skill in the art are expressly incorporated herein
by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein 1s intended to be
dedicated to the public regardless of whether such disclosure
1s explicitly recited 1n the claims. No claim element 1s to be
construed under the provisions of 35 U.S.C. § 112(1) unless
the element 1s expressly recited using the phrase “means for”
or, 1n the case of a method claim, the element 1s recited using
the phrase “step for.”
What 1s claimed 1s:
1. A method for a scheduling entity to communicate with
a set of one or more subordinate entities 1 a wireless
communication network, the method comprising:
identifying a first subframe configuration of at least one
first subirame to be transmitted 1n a first cell utilizing
a first radio access technology (RAT), the at least one
first subiframe configuration comprising at least one of
a first downlink portion or a first uplink portion;
providing a configurable subirame structure for a time
division duplex (TDD) carrier utilized 1n a second cell
adjacent the first cell, the second cell utilizing a second
RAT and the configurable subiframe structure compris-
ing at least one of a second downlink portion or a
second uplink portion;
configuring the configurable subiframe structure to pro-
duce a second subirame for transmission in the second
cell substantially simultaneous to transmission of the at
least one first subframe 1n the first cell, wherein the
second subirame comprises at least one of the second
downlink portion or the second uplink portion; and
communicating between the scheduling entity and the set
of one or more subordinate entities using the second
subframe;
wherein at least one of the second downlink portion of the
second subiframe 1s transmitted within a downlink
transmit time of the first downlink portion of the at least
one first subirame or the second uplink portion of the
second subirame 1s received within an uplink transmit
time of the first uplink portion of the at least one first
subirame;
wherein a narrow Irequency band of an in-band frequency
range over which the second subframe 1s transmitted 1s
utilized when either transmitting the second downlink
portion of the second subirame within the uplink trans-
mit time of the first uplink portion of the at least one
first subirame or recerving the second uplink portion of
the second subirame within the downlink transmit time
of the first downlink portion of the at least one {first
subirame, wherein the narrow frequency band occupies
only a portion of the in-band frequency range.
2. The method of claim 1, wherein configuring the con-
figurable subirame structure further comprises:
determiming a first duration of the at least one first
subirame; and
configuring the configurable subiframe structure to pro-
duce the second subirame comprising a second dura-
tion substantially equal to the first duration.
3. The method of claim 1, wherein the at least one first
subirame comprises the first downlink portion.
4. The method of claim 3, wherein configuring the con-
figurable subirame structure further comprises:
configuring the configurable subirame structure to pro-
duce the second subirame comprising the second
downlink portion to be transmitted within the downlink
transmit time of the first downlink portion of the at least
one first subframe;
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wherein the second downlink portion comprises at least
one of a downlink control portion for transmitting
downlink control information from the scheduling
entity to the set of one or more subordinate entities or
a downlink data portion for transmitting downlink data
from the scheduling entity to the set of one of or more
subordinate entities.
5. The method of claim 4, wherein configuring the con-
figurable subirame structure further comprises:
configuring the configurable subirame structure to pro-
duce the second subirame further comprising a guard
period following the downlink data portion; and

configuring the configurable subirame structure to pro-
duce the second subirame further comprising the sec-
ond uplink portion following the guard period;

wherein the second uplink portion 1s further received
within the downlink transmit time of the first downlink
portion of the at least one first subirame;

wherein the second uplink portion comprises an uplink

control portion for receiving uplink control information
transmitted from the set of one or more subordinate
entities to the scheduling entity.

6. The method of claim 35, wherein communicating
between the scheduling entity and the set of one or more
subordinate entities further comprises:

receiving the uplink control information within the nar-

row frequency band of the in-band frequency range
over which the second subframe 1s transmitted.

7. The method of claim 5, wherein communicating
between the scheduling entity and the set of one or more
subordinate entities further comprises:

receiving the uplink control information over a first

component carrier separated by a guard band from a
second component carrier over which the at least one
first subframe 1s transmitted.
8. The method of claim 5, wherein the uplink control
information 1s receirved at a first transmit power when the
second uplink portion 1s recerved within the uplink transmit
time of the first uplink portion of the at least one first
subiframe, and wherein communicating between the sched-
uling enftity and the set of one or more subordinate entities
turther comprises:
receiving the uplink control information at a second
transmit power less than the first transmit power when
the uplink control information i1s received within the
downlink transmit time of the first downlink portion of
the at least one first subirame.
9. The method of claim 4, wherein configuring the con-
figurable subirame structure further comprises:
configuring the configurable subirame structure to pro-
duce the second subirame further comprising a guard
period following the downlink control portion; and

configuring the configurable subirame structure to pro-
duce the second subirame further comprising the sec-
ond uplink portion following the guard period;

wherein the second uplink portion 1s further received
within the downlink transmit time of the first downlink
portion of the at least one first subirame;

wherein the second uplink portion comprises an uplink

data portion for recerving uplink data transmitted from
the set of one or more subordinate entities to the
scheduling entity and an uplink control portion for
receiving uplink control information transmitted from
the set of one or more subordinate entities to the
scheduling entity;

wherein the second subframe lacks the downlink data

portion.
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10. The method of claim 9, wherein the uplink data and
the uplink control information are received at a first transmit
power when the second uplink portion 1s received within the
uplink transmit time of the first uplink portion of the at least
one first subirame, and wherein communicating between the
scheduling entity and the set of one or more subordinate
entities further comprises:

receiving the uplink data and the uplink control informa-

tion at a second transmit power less than the first power
when the uplink data and the uplink control information
are received within the downlink transmit time of the
first downlink portion of the at least one first subirame.
11. The method of claim 1, wherein the at least one first
subirame comprises the first uplink portion.
12. The method of claim 11, wherein configuring the
configurable subirame structure further comprises:
configuring the configurable subiframe structure to pro-
duce the second subirame comprising the second
uplink portion to be received within the uplink transmat
time of the first uplink portion of the at least one first
subirame;
wherein the second uplink portion comprises at least one
of an uplink control portion for receiving uplink control
information transmitted from the set of one or more
subordinate entities to the scheduling entity and an
uplink data portion for receiving uplink data transmit-
ted from the set of one or more subordinate entities to
the scheduling entity.
13. The method of claim 12, wherein configuring the
configurable subirame structure further comprises:
configuring the configurable subiframe structure to pro-
duce the second subirame further comprising a guard
period immediately prior to the uplink data portion; and

configuring the configurable subiframe structure to pro-
duce the second subirame further comprising the sec-
ond downlink portion immediately prior to the guard
period;

wherein the second downlink portion 1s further transmiut-

ted within the uplink transmit time of the first uplink
portion of the at least one first subirame;

wherein the second downlink portion comprises a down-

link control portion for transmitting downlink control
information from the scheduling entity to the set of one
or more subordinate entities.

14. The method of claim 13, wherein communicating
between the scheduling entity and the set of one or more
subordinate entities further comprises:

receiving the downlink control information within the

narrow Irequency band of the in-band frequency range
over which the second subirame i1s transmitted.

15. The method of claim 13, wheremn commumnicating
between the scheduling entity and the set of one or more
subordinate entities further comprises:

recerving the downlink control information over a first

component carrier separated by a guard band from a
second component carrier over which the at least one
first subirame 1s transmitted.

16. The method of claim 13, wherein the downlink control
information 1s transmitted at a first transmit power when the
second downlink portion 1s transmitted within the downlink

transmit time of the first downlink portion of the at least one
first subiframe, and wherein communicating between the
scheduling entity and the set of one or more subordinate
entities further comprises:
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transmitting the downlink control information at a second
transmit power less than the first power when the
downlink control information is transmitted within the
uplink transmit time of the first uplink portion of the at
least one first subframe.

17. The method of claim 12, wherein configuring the
configurable subirame structure further comprises:

configuring the configurable subirame structure to pro-

duce the second subirame further comprising a guard
period immediately prior to the uplink control portion;
and

configuring the configurable subirame structure to pro-

duce the second subirame further comprising the sec-
ond downlink portion immediately prior to the guard
period;

wherein the second downlink portion 1s further transmit-

ted within the uplink transmit time of the first uplink
portion of the at least one first subirame;

wherein the second downlink portion comprises a down-

link data portion for transmitting downlink data from
the set of one or more subordinate entities to the
scheduling entity and a downlink control portion for
transmitting downlink control information from the set
of one or more subordinate entities to the scheduling
entity;

wherein the second subirame lacks the uplink data por-

tion.

18. The method of claim 17, wherein the downlink data
and the downlink control information are transmitted at a
first transmit power when the second downlink portion 1s
transmitted within the downlink transmit time of the first
downlink portion of the at least one first subiframe, and
wherein communicating between the scheduling entity and
the set of one or more subordinate entities further comprises:

transmitting the downlink data and the downlink control

information at a second transmit power less than the
first power when the downlink data and the downlink
control mformation are transmitted within the uplink
transmit time of the first uplink portion of the at least
one {irst subirame.

19. The method of claim 1, wherein identifving the first
subiframe configuration for the at least one first subirame
turther comprises:

determining a transmission direction sequence of a plu-

rality of consecutive first subirames to be transmitted in
the first cell.

20. The method of claim 19, wherein configuring the
configurable subirame structure further comprises:

configuring the configurable subirame structure to pro-

duce a plurality of consecutive second subirames
matching the transmission direction sequence of the
plurality of consecutive first subiframes.

21. The method of claim 19, wherein configuring the
configurable subiframe structure further comprises:

producing the second subirame comprised of a plurality

of transmission time interval structures matching the
transmission direction sequence ol the plurality of
consecutive first subframes;

wherein each of the plurality of transmission time interval

structures comprises at least one of the second down-
link portion or the second uplink portion.

22. The method of claim 1, wherein commumcating
between the scheduling entity and the set of one or more
subordinate entities further comprises:

communicating a second subirame configuration of the

second subirame to the set of one or more subordinate
entities.
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23. A scheduling entity in a wireless communication

network, comprising:
a transceiver for wirelessly communicating with a set of
one or more subordinate entities utilizing a time divi-
sion duplex (TDD) carrier;
a memory; and
a processor communicatively coupled to the transceiver
and the memory, the processor configured to:
identify a first subiframe configuration of at least one
first subirame to be transmitted 1n a first cell utilizing
a first radio access technology (RAT), the at least one
first subirame configuration comprising at least one
of a first downlink portion or a first uplink portion;

provide a configurable subirame structure for a time
division duplex (TDD) carrier utilized 1n a second
cell adjacent the first cell, the second cell utilizing a
second RAT and the configurable subirame structure
comprising at least one of a second downlink portion
or a second uplink portion;

configure the configurable subirame structure to pro-
duce a second subirame for transmission in the
second cell substantially simultaneous to transmis-
sion of the at least one first subirame in the first cell,
wherein the second subirame comprises at least one
of the second downlink portion or the second uplink
portion; and

communicate between the scheduling entity and the set
ol one or more subordinate entities using the second
subframe;

wherein at least one of the second downlink portion of
the second subirame 1s transmitted within a down-
link transmit time of the first downlink portion of the
at least one first subirame or the second uplink
portion of the second subirame 1s received within an
uplink transmit time of the first uplink portion of the
at least one first subirame

wherein a narrow frequency band of an in-band fre-
quency range over which the second subirame 1s
transmitted 1s utilized when either transmitting the
second downlink portion of the second subirame
within the uplink transmit time of the first uplink
portion of the at least one first subirame or receiving,

the second uplink portion of the second subirame
within the downlink transmit time of the first down-
link portion of the at least one first subirame,
wherein the narrow frequency band occupies only a
portion of the in-band frequency range.
24. The scheduling entity of claim 23, wherein the pro-
cessor 1s further configured to:
determine a first duration of the at least one first subframe:
and
configure the configurable subiframe structure to produce
the second subiframe comprising a second duration
substantially equal to the first duration.
25. The scheduling entity of claim 23, wherein the pro-
cessor 1s further configured to:
determine a transmission direction sequence of a plurality
of consecutive first subiframes to be transmitted 1n the
first cell; and
produce the second subirame comprised of a plurality of
transmission time interval structures matching the
transmission direction sequence of the plurality of
consecutive first subframes:
wherein each of the plurality of transmission time interval
structures comprises at least one of the second down-
link portion or the second uplink portion.
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26. A scheduling entity apparatus 1n a wireless commu-

nication network comprising:

means for 1dentifying a first subframe configuration of at
least one first subirame to be transmitted 1n a first cell
utilizing a first radio access technology (RAT), the at
least one first subiframe configuration comprising at
least one of a first downlink portion or a first uplink
portion;

means for providing a configurable subirame structure for
a time division duplex (TDD) carrier utilized mn a
second cell adjacent the first cell, the second cell
utilizing a second RAT and the configurable subirame
structure comprising at least one of a second downlink
portion or a second uplink portion;

means for configuring the configurable subirame structure
to produce a second subirame for transmission i1n the
second cell substantially simultaneous to transmission
of the at least one first subirame in the first cell, wherein
the second subirame comprises at least one of the
second downlink portion or the second uplink portion;
and

means for communicating between the scheduling entity
and the set of one or more subordinate entities using the
second subframe;

wherein at least one of the second downlink portion of the
second subirame 1s transmitted within a downlink
transmit time of the first downlink portion of the at least
one first subirame or the second uplink portion of the
second subframe 1s received within an uplink transmit
time of the first uplink portion of the at least one first
subirame;
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wherein a narrow Irequency band of an in-band frequency
range over which the second subframe 1s transmitted 1s
utilized when either transmitting the second downlink
portion of the second subirame within the uplink trans-
mit time of the first uplink portion of the at least one
first subirame or receiving the second uplink portion of
the second subirame within the downlink transmit time
of the first downlink portion of the at least one first
subirame, wherein the narrow frequency band occupies
only a portion of the in-band frequency range.

277. The scheduling entity apparatus of claim 26, further

comprising;

means for determining a first duration of the at least one
first subframe; and

means for configuring the configurable subirame structure
to produce the second subirame comprising a second
duration substantially equal to the first duration.

28. The scheduling entity apparatus of claim 26, further

comprising;

means for determining a transmission direction sequence
of a plurality of consecutive first subirames to be
transmitted 1n the first cell; and

means for producing the second subirame comprised of a
plurality of transmission time interval structures match-
ing the transmission direction sequence of the plurality
of consecutive first subframes:

wherein each of the plurality of transmission time interval
structures comprises at least one of the second down-
link portion or the second uplink portion.
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